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PREFACE 


It was tiot without misgiving that the author accepted the 
invitation to write a book which should bo in the nature of a 
scs(iuel to Itobort Koutledgo’s Discoveries cmd Inventions of the 
NinelccrUh Century. Progress in recent years has boon so extra- 
ordinarily rapid that the generous basis upon which the original 
work was planned could not be followed within the limits of a 
single volume. Nor would the task have been simplified by 
confining it to a d(5Scription of the more striking discoveries and 
invontioiw which have been made during the last fourteen years, 
for each achievement is one in a long series and involves no in- 
conHiderable amount of explanation in order to render it intelli- 
gible to the non-tochnical reader. 

Having regard to all the circux^ristanccs, it was decided to deal 
with the (characteristic features of development in certain selected 
fitilds of enterprise during the last twenty-five years. Thus the 
first five chapters discuss the revival of water power, economy 
in the use of fuel, modern steam engines, gas, oil, and petrol 
engines, and the generation and distribution of electricity. 
These are followed by chapters on electric lighting and heating, 
new processes in the manufacture and treatment of steel, some 
typictxl rnodorn devices in the ongincoring workshop and the 
factory, and tluc extraordinary immbor of manufacturing pro- 
ccsHCH which have tlwur birth in the electric furnaces, l^om the 
higlwHst t<mi|)erat^:res which man has, so far, been able to produce, 
the hook passes to a consideration of the artificial production of 
cold and its applicat ions in the manufacture of ice, cold storage 
on laud and sea, and the Iwpiefaction of gases. This chapter is 
succeeded by one dealing with the intoreating facts which have 
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recently been discovered relating to the fertility of the soil and 
the yield and quality of wheat. 

One of the most characteristic features of the twentieth century 
is the improvement in transport and communication, and 
Chapters XII to XVII contain some account of railways, electric 
traction, motor-cars, modem ships, aeroplanes and airships, and 
wireless telegraphy. The constitution and some of the weapons 
of a twentieth-century navy arc described in Chapter XV III ; 
Chapter XIX deals with the photography of colour and of boduw 
in motion ; and the book closes with a brief account of tlie 
recent marvellous discoveries relating to radium, elocjtricity, and 
matter. 

While the plan adopted is open to criticism, it has enabled a 
wide field to bo covered, a fairly coherent picture to be drawn, 
and a limitod amount of explanation to sulKco. Numerous cross- 
loforenoes render immaterial the order in which the chapters 
are read. The terms “ discovery ” and “ invention ” have been 
interproied liberally, so as to include results of human entiuprlse 
which, though not embodying any new principle, yet rank as 
groat achievements and are rendered possible by other results 
which fall legitimately under those headings. There a]>pear<*d, 
moreover, to bo a distinct advantage in presenting any (liB<w)vory 
or invention in close association with its praetiwil relations. 
The aim, purpose, and value ate thus ompluisiserl, and the whole 
scheme contributes to sanity of outlook. 

Considerations of space and the necessity of linking up the 
twentieth century with the past have led to the exclusion of 
much, even within the limitod field covered, that should rightly 
have been included. But for this it socmwl easier to offer an 
apology than to find a remedy. The book is written for those, 
young and old, who wish to have a non-tech nical aceomit of the 
groat scientific and material triumphs which man luis aidiieved 
and is achieving in their own day ; and it seemed desirable to 
give the first place to those theories, facsts, and accomplishments 
which are now exorcising the greatest iniluouce upon human life. 
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For science exists not so much to tickle the intelligences of the 
few as to brighten the lot of the many. 

The author desires to acknowledge his indebtedness to such 
indispensable journals as Engineering, The Engineer, Cassier’s 
Engineering MorMj, Science Progress, and to standard works 
on the various subjects considered in the volume. ' Thanks are 
especially due to the numerous firms and public and private 
individuals who have contributed to the work either illustrations 
or special information. Without the assistance which has boon 
so willingly rendered the task would have boon greater and the 
details fewer and loss accurate. Certain sections have been read 
and corrected in proof by the Director of the National Physical 
Laboratory, Mr. V. G. Converse, the Chief Engineer of the 
Ontario Power Co., Me^jsrs. Beilis & Morcom, and Messrs. Barr & 
Stroud. To these gentlemen and to his friend, Mr. Alfred Harris, 
who has read the whole of the proofs the author owes a larger 
n><*a.sun< of gratitude. But though the credit for any merit the 
book may possess is necessarily distributed, the author must 
accept responsibility for the defects, and submit himself to the 
kind indulgence of his readers. 
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DISCOVERIES AND INVENTIONS 

OF THE 

TWENTIETH CENTURY 


CHAPTER I 

THE REVIVAL OF WATER POWER 

Probably ono of the most important steps over taken by 
primitive man in hin unconscious efforts to escape from savagery 
was i.hc discovery of the wheel. The fact that rolling produced 
less friction tliau sliding was but dimly recognised : the mechani- 
cal prin<*4])lc Involved was perhaps but vaguely distinguished. 
'!rh(»re wore no patent laws to protect the inventor, no legal 
formularies upon whicli lie need enter, no manufacturers to whom 
liceucoH might, be issued and from whom royalties might bo 
obt.ain<»<L was not absorbed by visions of untold luxury and 
ease. Jiut lit*, must soon have grasped the fact that hero was a 
c.ontrivan<‘e that would facilitate locomotion and increase his 
power over his surroundings. For this last, after all, ropresents 
the aim and dest.iny of mankind since the world began — an aim 
whi(‘k is still paramount, though modern life is so complex that 
fi^w know their bearitigs outside the small circle in which they 
live. This fortunate discoverer, together with ho who first 
produced fire, were the ft>rerunners of the engineers and manu- 
facturers, t-he Hcit^nt.iflc discoverers and inventors of to-day. 
'I'hc wheel made it easy to move liuge weights and to cover great 
distances, and when it was applied to spinning it transferred 
jiart of the burden of providing clothing from the animal to the 
vegetable kingdom. Rude skins gave place to finely woven 
fabrics, and the tiller of the soil vied with the hunter and the 
shcph(*rd in covering man’s nakedness. 

At first the wheel was driven by manual toil or by the use of 
beasts, but when, after many centuries, wind and water were used, 
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man saw opening up a wider vista wMcli promised speed of 
production and more leisure to him who could harness the natural 
elements to his service. Was there joy when tiio first wheel 
turned in the wind, or a mad clapping of hands wlien one of 
these rough contrivances first croaked beneath the force of a 
mountain stream ? Wo shall never know. In those days man 
was too much occupied with maintaining his existence. The 
art of speech was probably incapable of exact doscri])tion ; 
the arts of drawing and writing too crude to permit of accurate 
record. And perhaps it is as well that some of tiiese early events 
should bo left to the imagination, so they may acquire a sanctily 
that fancy weaves about them and which exact knowledge might 
destroy. 

It is hardly possible to realise that until the middle of the 
eighteenth century wind and water wore the only mwins of obtain- 
ing power from the prodigal forces of Nature. Clothing, tools, 
weapons had boon made, houses and ships had been built, and 
international trade had arisen, by hand labour and a few relatively 
unimportant waterfalls. The ruins along the narrow valleys east 
and west of the Pennine Chain indicate the hirtiliplaces of the 
British textile industries, where once fitful streams drove Ihe 
looms that wove the fabrics for which Lancashirii and York- 
shire have become famous. 

England, however, is not rich in largo wal.ctfalls: puny 
streams could only aid in a small way the development of the 
factory system and were unable to comixde wilh the steam- 
engine ; so the industries vanished from the hill-sides and re- 
appeared amidst the sharp hiss of steam instead of the murmur 
of falling water. And if the suppression of wat(‘.r power hail 
boon universal and permanent this chapter need not have biuui 
written. But it was neither. In other lands there are streams 
and waterfalls so large that those who have not seim them can 
have little conception of their real sisse and only a vaguo im- 
priwsion of the power they re.presimt. Those acquired a grojiter 
value when the progress of knowledge had shown how electricity 
could bo produced and distributed, and during the last twenty 
years their value has been still further enhanced by the discovery 
of electrical manufacturing processes. What this means to 
riilatively j>oor countries like Norway and Sweden can leadily be 
inuigined. Then*, the peasant by arduous toil wins a frugal exist- 
ence from the soil. Sweden has its iron ores, but is diqituuleut 
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largely upon timber for fuel ; and Norway has its fisheries and 
forests. But in these northern latitudes the summer is short, and 
there is little time for harvest, while the relative absence of 
manufactures means an absence of money to purchase luxuries 
from otlxer lauds. 

TURBINES ANJD WATER-WHEELS 

Broadly speaking, power is obtained from water by two types 
of machines, and the one chosen depends upon whether a high 
or a low fall is available. In the former case a Pclton wheel is 
used. From Fig. 1 it will be seen that this consists of a disc 
mounted on a shaft, having a number of cups fixed round the 
edge. Tlieso are known as buckets and they Imve a ridge in the 
centre which splits the jot as it impinges upon them. The 
sxirlaoo is so shaped that the water glides round without splashing 
and runs out at the lower edge. "When the water issues from the 
jot it has a velocity wliieh depends upon the height of the surface 
above the wheel. If the wheel were prevented from rotating the 
water would have its velocity reversed owing to the shape of tho 
cups, and by virtue of this velocity it would still bo capable of 
doing practically the same amount of work. If again tho wheel 
were to rotate so that tho velocity of the buckets was equal to 
that of the jet, no work would be done on tho wheel. Now tho 
greaUmt ofliciency will be oblained when the water falls from tho 
bucktdis with all its original velocity taken out of it, and this 
will be the case when the buckets move with half the velocity of 
tho jot. For the water will be flung back at a velocity which just 
balances the difference between tho velocities of tho jot and the 
buckets, and will fall exhausted into tho well below. 

There must thendore bo a <lefmito relation between tho height 
of the fall and the speed of tho rim of tho wheel. If low speeds 
ai’(? required 1-hen a large wheel must be used, but if high speeds 
are desirable a smaller wheel may be (smployed. Witli a largo 
volume of water two or tuicasionally three jets may play upon one 
wheel, or two wheels may b(< fixed side by side on the same 
shaft. 'I’hey are made so small as to give no more than i horse- 
power, and so largo as to give 16,000 horse-power, and they can 
be (mclosed in a casing or remain open. Fig. 2 shows a wheel 
20 fe<‘t diameter I'rected at a South Wales tinplate works by 
Messrs, (lilbert (Bikes & Co., of Kendal. The available 
fall is 100 feet, and 200 horse-power is obtained at 36 revolutions 
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per minute. The unusually largo size of the wheel, whieh 
weighs 11 tons, is duo to the necessity for a slow speed to drive a 
rolling mill, and as the power required varies enormously as the 
metal passes into or out of the rolls, a 50-ton ily-wheel is fixed at 
the side of the Pelton wheel to equalise the motion. It is interest- 
ing to note that the actual velocity of the jot is about 70 feet per 
second and of the buckets about 37 feet per second. This is 
very nearly in accordance with the eonditions laid down in the 
last paragraph. There are two wheels, and the water is conveyed 
to each through a 39-inch riveted steel pipe. 

"Whore the fall is low or very largo quantities of water have to 
he dealt with, the Pelton wheel is replaced by a turbine. This 
is a wheel with curved bladc.s, enclosed in a casing. The water 
usually enters at the ciroumfercnco of the latter, is (lellcotod upoix 
the blades by guides, and discharged at the centre. Fig. 3 is 
an illustration of the double-vortex turbine which is the parent 
of all inward-flow turbines of to-day. The blad(>.s on the wheel 
lie across the path of water on its way to the centre and freedom, 
and arc elbowed to one side, thus causing th*^ wheel to rotate. 
There are so many modifications to moefi differoricos in the head 
and quantify of water to bo dealt with that it is not possible to 
illustrate them in detail. Turbines are made with horizontal or 
vortical shafts and will work with a head of only 3 feet. For 
heads of less than 16 feet the vertical typo is used, but in all other 
cases the horizontal typo is preferable. 

SOMB WATKB-POWKH nrSTAIXATIONS 

One of the most interesting examples of the importance of 
water power is the now industry for the manufacture of Norwegian 
saltpetre by the method described in Chapter IX. The source of 
power consists of tluee lakes — ^Maarvand, Miisvand, and Tinnsjo — 
situated in Soxithern Norway (Fig. 4). Ijako Maarvand has a 
capacity of 227,000,000 cxibic metros, is situated 1102 mef nis or 
about 3.500 feet above sea-lcvcl, and drains through the river Maar 
into the northoni limb of Tjake Tinnsjo, 910 metres below. Lake 
Mosvand has a c^ipacity of 798,000,000 cubic metres, is at an 
altitude of 900 metres, and also drains, through the river Maane, 
into Lake Tinnsjo. Lake Tiimsjo has a capacity of 168,000,000 
cubic rncitres, and is all an altitude of 190 mt^tres. The wlutle 
disfaiMiti from ('itlicr of the first two lakes to the sea is not mueli 
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over 100 miles, and in the first fifty of tliese the water falls 
through nearly 3000 foot. 

The principal power houses are at Rjukan, between Lake 
Mosvand and Lake Tinnsjo, where no less than 200,000 horse- 
power is or will be developed. The water for the first of the two 
stations is taken from above the Rjukaii Falls to a point 970 feet 
below in ton steel tubes 5 feet diameter (Fig. 0). These are 
riveted in the upper sections, but in the lower where the prossuxo 
reaches 420 lbs. per square inch the plates, 1 inch thick, arc 
welded together. The water enters ton sets of Polton wheels 
each developing from 14,000 to 19,000 horse-power (Fig. C), and 
then passes through anotlua: tunnel to a second power house 
throe miles away and 909 feet lower, to be opened in 1914. 
These supply electricity to the nitrate factory at Saaheim. 

AnolJu^r factory, at Kotodden below Lake Tinnsjo, is sup- 
plied from two power houses at Lienfos and Svaelgos (Fig. 7). At 
the former station the fall is about 5D foot and there are four 
turbines of r)000 horse-power each ; at the latter the fall is over 
KiO feet and the four turbines are of 10,000 horse-power each. 
Additional })ower stations are proposed to supply Notodden, and a 
furtlutr factory is projected at Vamina. WJien these are com- 
pleted, over .540,000 horse-power will bo employed. 

Perhaps a elearcr picture of what the rise of such an industry 
means to a country like Norway will bo realised when it is 
recalled that the population is only 2,500,000. The first factory 
was opened in tlio summer of 1903, and employed only four people. 
Eight years later the number of employees was nearly 1500. 
Notodden was a village of 500 people ; it has now more than 
5000 inhabitants. Baahcim w4s a district tenanted by a few 
poor fanners and supporting not more tlian fifty souls all told ; 
to-day it is a thriving town with a population of COOO. Railways 
have been constructed, steamboat services have been catablidiod 
on l.iake Tinn.sjo and the river wiiioh flows from this lake into the 
Rahfo. In less than ten y(‘-ar8 a naked wilderness has been 
clothed in the mantle of oivilisation. 

Not the least notewortliy feature of the now industry is that 
the Company have taken stops to house the workpeople in 
comfort and at a reasonable cost. Moreover, by arrangement 
with the local banka they may ultimately own their houses by 
payments which ct)vet the cost with 5 per cent interest. This 
care and solicitude for the health and comfort of those whoso 
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labour is as necessary as the power, and xipon wlios<‘. syin- 
patbetio and conscientious co-operation so much depends, is a 
characteristic feature of every branch of modern industry in 
which there has been great rapidity of growth ; and it is a little 
curious that the chemical industries — soap, soda, co(!oa, etc., 
should provide more examples than any other gtouj). 

This is of course the largest of many similar water-power 
plants in the Scandinavian |poninsuIa. Thus at Oddu on the 
Sondrefjord is a largo factory established by an English com- 
pany for the manufacture of calcium carbide and nitrolim, a 
substance to which reference is made in (1ha}5tex X. Here, in 
a spot previously only known to a few totirists, a lake has 
boon dammed higher up in the mountains and the water is 
convoyed in timncls to six Poitou wheels of 4(500 lutrse-power 
each. These drive dynamos, and current is transmitted nearly 
four miles to Odda, where it is supplied to the el(>.ctrie furnaces, 
and does all the work of the factory. (Iranes, conveyors, 
crushing-machines arc all electrically driven, anti noue of (ho 
material is touelicd by hand oxcx'.pt to charge it into (h<' fur- 
naces. At present only 23,000 horse-power is utilised, but (ho 
water supply is capable of giving 75,000 to 30,000. 

In Sweden again advantogo is rapidly being taken of (ho 
hundreds of upland lakiw, and the waterfalls and (.orrenl.s which 
convey the overflow to (he sea. Twelve falls on the Dal riv<>r 
alone are capable of yielding 175,000 horse-power, and less thati 
half tills is as yet employed. To the north of this area there are 
ten more rivers equal or superior to tlio Dal, and in (tenlral and 
South Sweden tliorc arc many morc.^ The oloctrieity is dis- 
tcibutod over wide areas, and lights towns, drives machinery, and 
provides the motive power of an increasing portion of (ho State 
railways. 

The same development is going on in Swilizexland and (hose 
adjoining countries into which the Aljis pe.netxate. Bui) it is in 
Amoticji perhaps that the widest use of “ white coal ” is made. 
All along the Pacific coast the streams which run from the 
watersheds of the Sierra Nevada have been liarn(‘H8t«l for many 
years. Originally the water here was imed for “ placer ” mining. 
(Sold, for example, occurs in loose sand and gravel, and the 
minors constructed canals high up on the hill-sides, which were 
fed by streams from the winter snows. Prom tln'se canals the 

^ Avtiftln hy John Leigh ou IfiNvotUHli Ilydroolpctrio IViwcr PlauU iu 
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water was led tlirough pipes and the jet was directed against the 
loose gravel of the lower slopes. The gold and sand were then 
separated in troughs of running water in which the heavier 
metal settled, and the earthy material was washed away. 

Incidentally this locality was the birthplace of the Pelton 
wheel. The buckets or cups used on the rim of the earlier wheels 
were single — they had no central ridge. A carpenter named 
Pelton engaged in repairs noticed on one occasion that a wheel 
became displaced so that the jet struck the edge of the buckets, 
lie observed that the water falling on the inner edge curved 
round the surface with loss splasliing than in the ordinary wheel, 
and that the wheel ran faster. So ho constructed the wheel with 
divided buckets which now bears his name. 

Rut no water-power plants make such an appeal to the imagina- 
tion as those which have boon established in the neighbourhood of 
Niagara. No less than five companies are now diverting a tiny 
fraction of the upper river tlirough their turbines and discharging 
it below the falls, witliout appreciably diminishing their grandeur, 
and then distributing their power electrically over many hundreds 
of square miles. As every schoolboy is aware, the Niagara Rivet 
forma the spout through which the surplus waters of Lake Erie 
overflow into Tjak(i Ontario (Fig. 8). In the 36 miles of its length, 
it falls through 320 feet, of which 216 feet is in the falls and the 
rajiids just above them. Where tlio latter commence, about 
half a mile from the edge of the clifE, the river is divided into 
two portions by Ooat lahiud, giving a fall 1000 foot wide on the 
American side, and the famous Horseshoe Fall 2600 feet wide on 
tJui Canudian side. The American fall is 167 feet high, while 
owing t.o the rapids which oocur chiefly on the Canadian side of 
float Island the Horseshoe Fall is about 8 feet less. The quantity 
of water pouring over these two lips is almost incomprehensible. 
It. has been estimated at 222,400 cubic feet per second, or nearly 
a cubic mile a w(wk. E.xpresaed in units of weight and power, this 
re.presenta 22,000,000 tons an hour, and is equivalent to 5,000,000 
horH(!-pow(»r. 

Kotne. idea of the importonce of Niagara Falls as a centre for 
the production of power may be gathered from the distribution 
of the population of tho two countries between which they lie. 
Probably fe,w realise from their school study of Geography that 
if a circle 500 miles in radius bo struck from Niagara as centre, 
this circle will hieludo three-quarters of tho popidation of 
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Canada, and half the population of tho United Status. For it 
encloses Toronto, Ottawa, Montreal, and Quebec ; Now York, 
Philadelphia, Washington, Pittsburg, Detroit, Cincimiati, 
Chicago, Milwaukee, and Buffalo. The power supplied at 
present extends to a radius of over 200 miles, but tho whole 
area includes a network of raUways, including five trunk linos, 
tho Erie Canal, and all of the great lakes except tliu western half 
of Lake Superior. 

The largest, tho most recent, and tho most perfect of the live 
installations which tap tho vast resources of tho Niagara river is 
that of the Ontario Power Company, and the writer is indebted 
to tho courtesy of Mr. V. G. Converse, the chief engineer, for 
the particulars and illustrations which follow. The original 
charter was granted by tho Dominion Parliament as long ago 
as 1887, but apparently no progress was made imtil the present 
owners took possession thirteen years later. Const nrctional work 
was commenced in 1902, and power was first snjiplied in 1905. 

Water is taken from tho river at a point on the Canadian 
shore, about a mile above tho crest of Ihc Horsi'shoe Fall, and 
just above the rim of the first cascade of the upper rapids. Tho 
intake works consist of a dam nearly COO feet long stretching 
out in a down-stream direction nearly parallel io the main 
current ; and a submerged wall or dam connect.ing the <mf or end 
of the intake with the sliore. Tho forebay thus foniunl is shown 
in Fig. 9. Water enters through twenty-live openings in tJio in- 
take dam, situated 9 foot from tho sutfaec, and exl ending to Iho 
bottom of tlio river, which is hero 15 feet dee.]). The floating defliris 
and ice is mostly deflected by tho upper portion of the intake 
dam, and water from the bottom of the river only is Uken. 

In tho comparative calm of tho outer forehay any ice or 
debris which 1ms crept beneath tho barrier from the turbulent 
river beyond, rises to tho surface and is either washed away over 
the submerged wall or trapped by a concrete curtain at the 
screen-house, wliich hangs 0 fiict below the surface, fl’he area of 
tho outer forebay is 8 acres, and its depth is from 15 to 20 feet. 
The. inner forebay has an area of 2 acres and a dejdh of 20 to 
30 feet. In the tranquil waters of this basin the last remnants of 
floating material rise to tho surface ami are jirevented from 
passing to tho pipe lines and turbines below. 

The power station is situated at the foot, of the eliff on the 
Canadian shore just below the falls and is a solid concrete 
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structure with walls from 9 to 12 feet in thickness. The water 
is first led through two conduits laid under the Queen Victoria 
Park until it reaches a point on the cliff above the power house 
6000 feet away. One of these conduits is 18 feet diametCT, 
consisting of a steel tube covered with concrete, and terminating 
in an overflow chamber through which siurplus water can escape 
by a spiral tunnel to the lower river. The other, shown in 
process of construction in Fig. 10, has the same sectional area 
but is oval in shape, having a horizontal diameter of 19^ feet, and 
a vertical diameter of icj foot. It is built entirely of ferro- 
concrete — ^that is of concrete having steel bars embedded in 
it, and consists of a shell 18 inches thick, strengthened by a 
oontinuotrs saddle. This conduit terminates in a circular con- 
crete surge tank 75 feet in diameter, which serves to store 
excess of water when the load on the turbines is reduced. If some 
plan of this kind were not adopted enormous forces would bo 
developed by the sudden stoppage of thousands of tons of 
moving water. The tank servos the additional purpose of supply- 
ing water to the turbines when that in the conduit is just begin- 
ning to move. 

Henenth the lower ends of the conduits near to the overflow 
eharaber and surge tank, an* valve diambors carved out of the 
solid rock and having arched concrete roofs to support the 
conduits. These chambers are about 300 feet long, 10 feet high, 
and 1 6 feet wide. I lore the water passes tlirough valves into the 
penstocks or steel tubes 9 feet diameter, which convoy it to the 
turbines. Eacli valve is operated by a 30 horse-power electric 
motor which opens or closes it in four or five minutes. 

The power possessed by this mass of water filling the two 
conduits over a mile long and moving with a velocity of 12 to 16 
feet per second can hardly be realised, and water pipes 9 feet in 
diameter are outside the range of ordinary experience. To 
absorb this power tifie turbiiu« and dynamos must bo enormous, 
csj)Ocially as the fall is not mote than, say, 190 feet. Fat smaller 
rnachimw are possible where a great head of water is obtainable, 
as at Rjukan, because a higher velocity is attained by the water 
in its descent. Some idea of the size of the machinery will be 
gathered from Fig. 11, which shows the interior of the power 
Imuse. at Niagara. Tlie man in the foreground brings out sharply 
tlic h\igo dimensions of the machines ho controls. 

There arc at present installed fourteen inward-flow horizontal 
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twin-turbines, seven being of 12,500 horse-power, and seven of 
13,400 horse-power. While the electrical equipment cannot be 
described in this chapter, it may be mentioned that the current 
is produced at 12,000 volts and transformed to 60,000 volts for 
transmission in the United States and 30,000 volts for local 
distribution in Canada. Most of the power produced by the 
Ontario Power Company is delivered over the lines of ita allied 
transmission companies and of the Hydroelectric Power Com- 
mission of Ontario, a govonunent body which trausmiis tlio 
power at 110,000 volts to muuicij)alities in the Province. Ju 
this way part or all of the public and private lighting is provided 
in over one hundred cities, towns, and villages, including 
Niagara Falls, Welland, Port Colbornc, St. tiatharine, Toron(.o, 
Guelph, Galt, Krantford, Berlin, Jxmdon, St. Thomas, ami 
Windsor (220 miles away) in Ontario ; and Lockport', Depew, 
Lackawanna, Hamburg, Batavia, liochcster, ( 'auandaigua, 
Auburn, Baldwinsvillc, Phoenix, Fulton, and Syracuse (1(50 
miles away) in the State of Now York. 

Power is provided for the electric furnaces employed in (he 
reduction of iron, copper, and other ores, and the manufacture 
of cement, calcium carbide, nitrate of lime, carborumlum, and 
graphite, in Port Colbornc, Welland, Niagara Fiills, Thorold, 
and Chippawa, Ontario ; and Xjockport, New York. The tram- 
way systoms in Syracuse, Rochester, ( lanandaigua, (loneva, 
Lackawanna, and Hamburg, and the iut<‘r-utban railways, 
Syracuse, Like Shore and Northern, Syracuse an<l South Hay, 
Syracuse and Auburn, Roclwister and Syracuse, Rochester and 
Geneva, Roehester and Mt. Morris (Erie Itailroad), Buffalo, Lock- 
port, and Eochestur, Buffalo and Hamburg, and Buffalo and 
Lake Erie, are operated wholly or in part by the power from 
this centre. 

But this is only half the. tale. The clectrie current, from the 
same source drives the uwichincry of the ( lanad ian Steel Foundries 
at Welland, and of the Lackawanna Steel Company, which employ 
7000 men. It turns the rolling mills of the Seneca Iron and 
Steel Company, pumps the water at Depew and Latrkawaima, 
supplies the repair shops of the New York Cent ral and Hudson 
Eivet Railway, and the Delaware, Lackawanna, and Wt'stern 
Itailroad Comiainy, crushes stone and grinds lime nt. Akron, 
Pekin, and Onkfiehl, and runs the shops of tlm American Loco- 
motive Company at Dunkirk. Ft)t 300 miles east and west, 
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and over 100 miles north and south, the Lnos ol the subsidiary 
companies riuliatc, carrying the latent power vested in a tiny 
fraction of the waters which thunder through the rocky gorge in 
tJicir passage to Lake Ontario, the St. Lawrence, and the sea. 

In this American development wo see an approach to the ideal 
aiTangomcnt of centralised production of power, to which 
reference will bo made from time to time throughout this volume. 
Incidentally, it. will be clear that the term cheap water power is 
liable to be misunderstood, for there is usually a vast expenditure 
to be uiuhu'taken in dams and i)ipe lines before the energy of 
falling water can be j)rofitably utilised. But so far it is the only 
source t)f powiT which is reasonably constant, and the use of 
which does not hwl to exhaustion of natural capital. Moreover, 
with imjirovenK'.nts in the production and transmission of 
clect.ricity, and the discovery of new methods of manufacture in 
whic.h cl(‘,ctri<Mty is the prime agent, a new ora has arisen in which 
industrial progress is no longer dependent upon or measured by 
the cheapness of coal. During the next hundred years the areas 
in which manufac.t.ucing industiries are congregated most thickly 
will not. only Ix'. situated upon the coalfields, but also in those 
districts wh<>re wate.r pursues ite most vigorous progress towards 
th(» sea. And tlie l)eaul.iful places on the earth formerly known 
only t.o the l.(mrist, the simple shepherd, or the hunter, will 
have their fastnesses invaded, and their silence, broken now only 
by the roar of th«^ waU'rs, will reverberate softly to the luun of 
tins turbine wlieids. 


CHAPTER n 

(lOAIi, (5AS, AND PETROLEUM 

DutUN(J tin*, coal st.rike of 1912 many factories and workshops 
had k) cl<»H(‘, for want of fuel. A Duicashire weaver, on reaching 
home, purc.has(‘d a sack of coal and set it. up against the back 
door. !rhen he stit in the kitchen, in wliich there was no fire. 
Prom tiime to t ime when he felt cdully he got up, flung the sack of 
(‘.Old across his shoulders, and ran around the yard until ho 
became warm. That was his way of saving find. He was only 
doing in his own fashion what ail engineers and niauufacture,rs 
arc t tying to do in other ways all the year round. 

The oxtoiit to which during the strike all manufacture and 
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transport, all industry, was paralysed, shows tlio. complete 
dependence of modern life upon fuel. In spite of iho fact that in 
Great Britain nearly 240,000,000 tons of coal are raised annually, 
a temporary stoppage of supply throws all the ordinary machinery 
of existence out of action, and reveals tlio magnitude of the 
debt that the nation owes to those who win precious stores of 
fuel from the depths of the earth. It is not so very far back in 
history that proceascs depending upon combustion were, regarded 
as of secondary importance, and a lu'ief glance, at iho ('arlicr 
period will show how the outlook has changed. 

The earliest available kind of fuel was timber, and its most 
important rise was in the smeltiing of mot.als. In t.he Middle 
Ages the sorith-cast of Englaiid was t.hiekly wooded, and the 
towns and villages of the Weald were tlie cen(.r(w of the iron 
industry. As th<» forc8i.s disappeared under t.he luind of the 
charcoal burner, the trade moved to the Midlands and t lu^ North. 
It still lingered in tlic South for a time, and t.h(‘. railings rotind 
St. Paul’s Cathedral are said to bo nuuh^ of the lust, of t.h<» Sussex 
iron. But what had happened in t.h(‘. Sout h was r<>.p<‘at.<\d in the 
North, and vast inroads were nuule. ujxni the forests. In Queen 
Elizabeth’s clay, when long voyagea began to be underlak('n and 
overseas commerce arose, the sbipbuilding iiubmtry (l(‘.v(>loi)ed ; 
and so great was the hmr that there would be a seannty of t.iinber 
for ships, that Acta of Parliaineut W(»ro passed in JbbH, 15(52, 1580, 
and 1584 restricting the number and tK)Hilion of ironworks. 
In 1619 Dudley used coke in place of charcoal, but was <Iriven to 
abandon it by the opposition of t.he charcoal burners, and of ot her 
iron masters. So it was not until a huiulretl y<‘ar8 later that 
coke came to be used regtilarly. 

It is impossible to use wood directly for the matiuhw'.t urc of 
iron, nor is it desirable to use it for raising steam in boihtrs, 
because of the quantity of gas, moistmre, and otlier li<juids wliich 
are produced when it burns. The f<»rmHtion (»f these gases and 
liquids absorbs a considerable amount of heat, low<‘rs the 
temperatmre of the furnace, and exerenses a eorrosivj* action 
on any metals with which tlu^y come into e.ont.aet.. ( 'tinse<iueuUy 
the wood was converted into charcoal by partially burning it 
in hea])S coated over and V(*.ry nearly enclosed wit h e.-irth, so as 
to admit only such air jw was rcquire<l to burn a small portion 
of the wood. The heat thus produco<l drove off t he gases aiul 
liquids from the rest of the material, and couv<‘rted it into 
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charcoal. Charcoal has been extensively used in the Swedish 
iron industry, which is famous for a very pure brand of iron 
known as Swedish charcoal plate. 

TUK DANOMBS OP COAL-MININO 

Probably no industrial operation excites more widespread 
interest than the winning of coal, and that because of the dangers 
which attend it. The annual list of victims buried beneath a 
falling roof, or mangled by runaway trams, excites little com- 
ment, but every now and then the world is startled by an appal- 
ling catastrophe in which hundreds of men lose their lives. IVom 
the early days wlnm growing industry demanded more coal, 
inventors have been busy devising all sorts of safety appliances 
for the miner. The original Davy safety-lamp, familiar to every 
schoolboy, is the parent of scores of others each claiming to ofier 
some special advantage. All sorts of mechanical devices to pre- 
vent overwinding — an accident which would fling the cage with its 
“tubs” of coal or human freightoutof the pit moutli — have been 
invented, and every section of the work has been made as safe 
us human ingenuity and human skill can make it. But the 
number of disastrous explosions has not been reduced. 

Most varietiies of coal give off a gas, known as marsh-gas or 
flre-dainp, and having the formula CH^. This is inflammable 
and, when mixed with air, violently explosive. It is the presence 
of tliis gas that neettssitates the safety-lamp; in mines like 
those of the Fonsst of Dean, which evolve no gas, naked lights 
are used. But all mines must ho ventilated by forcing air 
through them with a fan, and this air must bo in sufficient 
quantity to keep the percentage of gas below a dangerous 
standard. The mine is “ examined ” at regular intervals by the 
“ fireman,” who can ostimafe approximately the percentage of 
gas present by the size of the faintly luminous “ cap ” which 
hovers above the flame <jf his lamp. The necessity of experience 
for this post, will be understood from Fig. 12, which shows the 
caps over small and large flames. That on the loft is duo to 
4 J per cent and that on the right to 3 J per <mnt of gas. It will bo 
observeti that tin* smaller percentage gives exactly the same 
size of cap over a large flame Jis the larger percentage gives over 
a small flame. 

Explosions have occurred, however, in cases where it is 
extremely tloubfful whether gas has been itresont in dangerous 
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quantity, and attention has been drawn to the possible causes. 
Many varieties of coal produce a quantity of fine dust which 
settles in the roadways — on roof, and sides, and floor. For 
many years there has been a controversy as to the relative 
importance of gas and dust in producing explosions, and the 
question is still one which gives rise to a lively diflerenoo of 
opinion. But there is no doubt that a mixture of coal-dust and 
air is explosive, and that even if an explosion is started by gas 
the disturbance creates clouds of dust which give rise to secondary 
explosions and spread the disaster over a wider field than was 
originally aflected. 

The rules of the Home Office require the ventilating current 
to bo reversed periodically in order to remove dust wlvieh has 
settled on the loo side of timbering and crovioes, and the roadways 
to bo watered in order to allay the dust. Mont inspectors have 
beeu ajjpointod, and firemen, whose duty it is to visit the work- 
ings anti report the presence of gas or tlcfitcis in the ventilation, 
are required to possess a certifieato of competency. A further 
plan is being tried of spreading fine stone-dust in iJut romlways. 
This mixes with the coal-dust and rendttrs it Ittss inflammable. 

Unfortunately the disastrous elfectis of tin explosion do not 
end with tlic exjdosion itself. The main jnoduets of combust ion, 
whether of fire-damp or coal-dust, are carbon monoxide, CO, 
and carbon dioxide, COj. Tlie second of these causes stifTocafion, 
the first is a dangorons poison. It is the dreaded “ after-damp ” 
of the miner. Those who survive the explosion an^ thendon' in 
danger of sullocjvtion or poisoning, ami it IsfOomeH imp»'rativo 
to restore the circulation of the air with the least possible delay. 
For oven if the fan has c^icaped injury, falls of roof may have 
choked up some of the toadwa)rH, or the exphmiou may liav<i torn 
down dot)rways and provided a short cut for the air. But if the 
atmosplu^o is daugcrous for num in the i>it at the time, it is 
e(|ually dangerous for others to go down and eff<‘et r(‘pairs or 
render first aid. The work of the nwaie party is t.hendore a 
labour of dewperate heroism, and often attended by additional 
loss of life. 

During the last t»n years it has been found possible to nsluce 
the dangers of aftcr-datJup by providing tiwmti partit's with 
respiratoi-s fitting over th<! month and nose, a«id Hnppli<fd with 
oxygm from two steel bottles of the compnwsed gas strapped 
across the back. An (‘ffitetive apparatus of this kind is th<' 
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“ Proto,” made by Messrs. Siebc Gorman & Co., of Neptune Works, 
Westminster Bridge Road. Figs. 13 and 14 show how the 
apparatus is worn, and Fig. 16 is a diagrammatic view showing the 
parts in detail. The bag in front contains strides of caustic soda, 
which absorb the carbon dioxide exlialcd by the wearer. The 
bottles contain 10 cubic feet of oxygen gas, which is suflicient for 
two hours’ strenuous labour. 

In all the important colliery districts special rescue stations 
have been established. Those are buildings in which luHlies of 
men can undergo training in the kind of work they may be called 
upon to do, and in such an atmosphere that would Ixi produced 
by an explosion or a fire in the pit. Though introduced during the 
last few years only this apparatus has boon instrumental in saving 
many lives ; for it enables men to penetrate smoke and foul air, 
remove those who have been overcome, and elToiit such repairs 
as are necessary to restore ventilation. 

It has hitherto been considered that proper ventilation, 
watering, and ofiioient supervision wen* all the pn^ventivo 
measures that could be employed. But within the. last two years 
a new and startling proposal has been mudi^ by Dr. Joliu Jlarg(‘r. 
Ho points out that a flame of marsh-gas will not burn hi air con- 
taining loss than 17| per cent of oxygen, and that if this limit 
is exceeded by mixing carbon dioxide with air the (laimt is 
extinguished. Evidence is udduce.d to show that 4 per cent or 5 
per cent of carbon dioxide is not harmful to man, un<l luf proposes 
to pass this gas into the mine in sufficient quantily to prevent 
explosion. This is a new method of defence, and has not y(*t 
emerged from the region of acute controversy, 

THU (tAKlUIOATtON OK (’OAL 

The amount of coal raised annually in this country has already 
been stated to bo nearly 240,000,000 tons. Of this about 
43,000,000 tons are used tor raising steam, 40,0tK),(K)O tons for 
domestic, heating, and 28,000,000 tons for iron uiid steel manu- 
facture. The most (ifficiont steam-engiue only <'()n verts 14 pt'r 
C(‘nt of the heat which the coal is capable of producing into useful 
work ; burning coal in an 0 ]Hm grate utilises less than 20 per 
cent ; and for many metallurgical })urposes a gaseous fuel is more 
etleetive than a solid one. The store of coal is not inoxhaustible, 
and though a conservative estimate makes the British supply 
Huflieient for tifUuui or twenty gemerations, tluTc must come a 
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time when local fuel is oxliaiistcd. It will then be necessary to 
pay a price that will so increase the cost of production that trade 
must diminish and the wealth of the nation decline. Meantime 
both from the point of view of cheapness of production and the 
debt to posterity, tliero is need for economy. 

Coal-mining, however, is not a very economical process. It 
is impossible with some varieties to avoid the production of 
a large proportion of small coal or slack, which cannot be burnt 
directly in ordinary grates, because it slips through the bars. 
With some varietii^s tluu*e is formed on burning a compact mass 
into whicli tli(^ air necessary for combustion does not readily 
penetrate. Ati(nni>ts have been made to utilise this material 
by mixing it wit-h tar, compressing the pasty mass into blocks, 
and part.ially distilling oil the volatile matter by heating in a 
fiirna(*<‘. Those are (*all(‘<l bri(|uettes. 

'Pho groatesi. advamro in the economical use of coal, however, 
is by convi‘,ri.ing it into gas. The production of gas by distilling 
coal in retorts is, of oourso, more tlian a century old. But the pro- 
am t.o b(*. desoril)e(l lion^ (ronsists in converting the coke, such as 
is l(‘ft ludiind in the nd.ortH, into gas. If a current of air is passed 
\i])wards through a dei'p ot>ke (or anthracite) fire, it first forms 
carbon dioxith^ (JO^, and this, in passing through the hot coke, 
forms carbon monoxide, VO. This carbon monoxide will burn 
in air, re-£onning carbon dioxide. It is known as producer gas. 
Tlu^ firsts efItH*.tiv(^ gas producer was invented by Frederick 
Si<nnenH in 1857 and introduced into this country by his brother 
Mr. (afterwards Kir) William Siemens in ISGO. It was quite 
chuir that not only was there a saving of fuel owing to the more 
perfe<*.t combustion that ensues when a combustible gas is mixed 
with air, hut the h<*at obtained in this way could be applied to a 
variety ot purpos(‘,s for which solid fuel is unsuitable. At first it 
was applied only t,o m<»t.allurgy, but Dowson in 1878 designed a 
prodiKUu* for supplying gas fi>r factories and domestic purposes, 
and at the York meeting of the Britisli Association in 1881 he 
showed a small gas-plant driving a 3 horse-i)owor Otto gas-engine. 
Kir Frederick Brainwell thou prophesied that in fifty years the 
gas-engine would have riq)Iace<I the steam-engine as a source of 
power. 

gas obtained by t.his partial combustion of coke has a low 
calorific valius or healing power. A product of greater heating 
power is obtained by using steam instead of air, when a mixture 
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of carbon monoxide and hydrogen ia obtained. Rut thia lowers 
the temperature of the furnace, and tlie only way to ke(‘.p iij) the 
supply is to force in air and ateaiu alternately. \Vai.or-gaH, as it 
is called, is actually made in this way for mixing wiih rich 
coal-gas ; or it is itself enriched with oil-gas and us(hI inst.ead of 
coal-gas. The gas formed while air is passed through the furnace 
is in tliis case mostly carbon dioxide, and it is alIow(‘,d to escape 
througli a valve. The intermittent wt)rking of this produc(»r 
prevents its adoption for oilier purposes. 

The more usual plan is to us(i a mixture of air and si.tuim, 
which produces what is known as smni-water-gus, and jilant oE 
this description has been erected all over thc! world. 

These producers, liowever, require eok(^ or antliracilc*. Thc 
former is cheap only to tlic manufactunT of t.own gas, who obtains 
it as a by-product; tlio lattt^.r is a V(‘ry expiuisive fuel, 
Consequeniily when J)r, Ludwig Mond ih'sigmul, in 1889, a 
producer tliat would work with cheap coal-slack, which can he 
purchased for about 6s. or Cs. per ton, anoilnn* st(‘p in economy 
was taken, Jn addition to the use of ordinary (‘oal-slaclc, Dr. 
Mond’s invention includes two import ani* ihHnils of wtu’kitig, aiul 
a very important result follows. .Firstly, thc usc^ of coal-slack 
instead of coke enables by-jiroduets Hu<rh as tar anti ammonia 
to bo (iollocted, and even in an ordinary gasworks th<^ value of 
these has a not inconsidorable inlluencc. in rt‘ducing the. (’.osl. of 
proiluetion. Secondly, he drives in a large (plant ity of stiaim • * 
about lbs. per lb* of coal <soiisum(»d. Oidy oiu'-fiflh of this is 
decomi)(>s(*il and goes to form gas, but. the large (piantity s(*rv(‘s 
to keep down tlie temperature, and this incr(*as(‘s thc yitdd of 
ammonia. The exc.('fls passes on and warms the. ineoming air. 
Whereas the amount of ammonium sulphuti* per ton of <*oal 
obtained by the gas luamifactunT rari‘ly (*,\c<‘(*ds lbs., that, 
obtained in the Mond process is from 70 lbs. t(» 9t) IIks. This is 
sold as a manure, the value of which is alKmt ilTJ a t,on, and in 
flome cases the value of the by-products reduces tin* cost of fuel 
for power to i$s. (Id. a ton. 

A large jdant was enacted in 1896 by tlu^ South Stuflordshin* 
Mond (Jas (Jompany, whicli supplies gas by miMins of a nt'twork <»f 
pip(*s to works and factori<*s oV(»r an area of rj6H<pmn* miles. Only 
(dght procluii(‘rM W(Te set; up at lirst, but. provision was iiiudt* for 
thirty-two. The main pipiss ar(‘. 8 feet in diameter. A few years 
ago it was thought to be too costly to install a gas plant with 
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recovery apparatus for less than 3000 liorsc-power, but there are 
now a mimb((r of oxainples of less than 1000 horse-power which 
are working successfully. 



Most of the gas inanufacturod in this way is used in gas-engines 
and in heating metallurgical furnaces. A smaller quantity is 
used fur raising steam in boilers, though a new process of burning 
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it which will bo described later inay load Iw a considerable 
increase. The enormous pjrowth in the number and size of 
eiiffines has suggested a modification in the ordinary Tncthod of 
working. Instead of forcing air and steaju through the producer 
the gas-engine is made to draw its own supply. A good type of 
Suction Gas Producer, made by Crosslcy Bros., of Manchester, 
is shown in Pigs. 16 and 17. 

From those figures, which are almost self-explanatory, it 
will be soon that temperature is first raised by a small fan 
on the extreme right of Fig. J6, and is uft(irwards muin- 
toinod by the “ pull ” of the engine. Coke is fed in at t he 
top by an ingenious hopper which prevents the eseaj)e of gas. 
Water is dropped into a system of i.ubes in a (ylind<‘r at 
the side of the furnace, where it is convert.<i(l into at.eam by 
the liot gases. Air passes through this tube, tak(W up moistuns 
and enters the mass of red-hot matc^rial at tlu^ bottom. The 
gases pass through a tower filled with coke over which water is 
t, ridding t.o cool them and remove dust, ((t(!., and are then dried 
by piissing through sawdust on their way to t he engine. Such a 
]iroducor will burn anything that can be used in t.hos(( of the 
ordinary type. Like them, it was at first (h'signed to vise coke 
or anthracite at prices which may vary from ITts. to !U)s. a ton. 
It will, however, jirodnco gas from bituminous slack whii'h costs 
no more than !3s. or (Is. per ion, while for plaei's wlii're coal is 
clear or unobtainable it can ho constructed to burn sawdust, 
wood refuse, rice husks, olive, -oil residues, tannery refu.se, 
e.ott.on seed, nicalic cobs, and any other waste nial.erial that is 
available. If plant of not loss than 1000 horse-powi'r is reciulnsl 
and bituminous slack C4m be obtaini'il, apparatus may be 
fitted which will recover the tar and ammonia, and tin* sale of 
this materially reduces tlie cost of })ower. 

There is a source of danger in the use of jiroducer-gas arising 
from the exteomoly poisonous character of <>arhou monoxide. 
Wlien broathed in only minuto ciuantith's it causes an (‘ffect 
wliich hists for a long time, luid which is therefore, cumulative. 
If a person is daily exposed to it each dose is added to the 
previous ones, atid the results Tuay be very serious. Ho small an 
amount as O' 1.1 pi'r cent is distiiietly dange'rous, and anything 
above O'OI pi't ce.nt will produce unpleasant Hymptoms, Un- 
fort, unati'ly the gas has no smell, and thus cannot be detected in 
time to prevent mischief, hi engine-houses and sheds where 
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ptoducciu aio iiistallod there is always liable to bo an escape, and 
when the man in charge enters in the niomiug he may inhale a 
considerable quantity. It is usual to have one or more sentinels 
in the shape of small animals or birds, to give warning of danger. 
A mouse or canary is ailoctod by the gas in about one-tenth of 
the time required for a man, and quickly shows signs of stupor 
when it is present in minute quantities. A mouse may lie down 
to sleep, but a bird sleeps on its porch, falls off only when 
stupefied, and is therefore a safer guide. The illustration (Eig, 18) 
shows the canary on duty in the producer-house of the University 
of Liverpool. 

A very striking process of burning gases, which is still in an 
experimental stage, was devised by Professor W. A. Rone throe 
or four years ago. lie found that if a mixtmro of any combustible 
gas and air in very nearly the correct proportions for complete 
combustion was passed under slight pressure Uirough a tube 
closed at its further end by a porous plug, then a light applied at 
that end caused the gas to burn witliin the plug, which was raised 
to a very high temperature. There is no flame, and combination 
between the oxygen of the air and the constituents of the gas 
Likes place quietly and regularly within the pores of the 
material. 

It is a well-known fact that though a certain temperature is 
required to ignite an explosive mixture, a very slight reaction 
goes on at L'niperatures far lower than that whicli gives rise to 
explosion, and that certain suhstanccs which themselves take 
no part in the change facilitate the act ion. Thus nickel gauze, 
fire-clay, calcined magnesia, carborundum are eilectivo, and if 
a jet of the mixed gases is directed upon any of tJu'se substanees 
when hot, combinatiion takes jilace with great vigour in a thin 
layer in contact with tlie surface. To put it into sciciitoiic 
language, there, is an almost complete e,oiiverHiou (if energy of 
chemical combination int.o radiant energy at the surface of the 
material. 

The commercial }»os8ibilities have be('n tested in regard to 
steam-raising and metallurgy. Eor the former the. tubes of 
a boiler were, packed with broken iinvchiy or similar material, 
and the mixed gases, with a slight exceas of air to ensure, com- 
plete combustion, were passed through. It was found that 
1)0 per cent of the th(’ore.ti(!al amount of heat, was communicated 
to the water, wliureas witli the best typo of boiler fitted with 
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mechanical stokers and fuel oconomisecs not more, than 75 per 
cent of the heat of iho fuel is, iw a rule, (hdiven'd to t.he engine. 

Let us now glance at the broad results of thes(*, invejitions. 
The value of a fuel lies in <he (piantity of lu'ati whicli a given 
weight of it will produce. This heat is nieasur('.d by t lm I'xtent 
to which it will raise the temperature of a giv(‘.n weight of water, 
and the unit of heat is that amount which will raise*, one pound of 
water through one degree Fahrenheit. It is called a British 
'J’hermal Unit'. A pound of coal of fairly good ([uality will 
produce on burning 14, 000 units of heal'. In no possible way, 
however, can the wliole of the heal.-producing power of the coal 
be utilised. There is always a loss. Some is radial ed I'O surround- 
ing objects, some is used in converting certain eonst'it,uent'S of 
the coal into liquids and gases, and sonu', is lost through tin*, 
escape of particles of solid carbon. If the. waste by radiation is 
to be. avoided the process of burning must be rapid, for the longer 
it lasts the greater is the amount, which escapes in this way. 
But I'liere is a limit to t'he rapidity wit.l» which a solid fuel will 
burn, l>e<«i,use the air eaji only eotne into eoiita('l. with the surface 
of the pieces. In this respect a gas has obvious advantag<‘.s, in 
that it can mix intimaBdy with air, and t lui combust ion can pr<t- 
ccod mor<» rapidly and uniformly than wlieji a s<ili<l fuel is used. 

The advantages of eonvert'ing coal into gas and <«tl<e (»v<*.r tlu' 
use of (!oal direct are t here£<ir(‘ clear. As a solid fuel c.oke is fn'c 
from the objection that attaches to coal. It has no volatile, 
constituents. None of t.h(» heat it. esm produec: is used to vaporise 
any portion, and no rush of vajKtur carries oft carbon j)art ieIeH to 
produce smoke. If the “ coking ” process is carried on at a low 
temperature, the projxirtitm of valuable by-prodtu’ts is increased, 
and the somi-c.oke thus produce<l is a good smol««l<‘SH fuel suitable 
for domestie use. But it is (wen more economical to convert th<^ 
wholeof t.ho coal into gas and by-products, as in tin* iMoiwl process, 
and cx<!ept where the cok(< is required for snu'ltiiig, there is no 
doubt t.hat this is liirgely the process of the futun*. In view of 
iJie vast inroa<lH ujjon fuel (aipital whic.h our iiuhmtri(‘s are itiaking, 
Honu^ attempt must b<t made sooner or later to prevent wasteful 
and iiielUoient processes. A large gas-engine will ut ilise neurly 
50 per c<mt of tin'. h<‘at winch tlu*. gas is eapabh^ of supplying, 
wliilti a steam-engine, utilises no more than Tl per cent of t he heat 
produc(Hl by c(>al. It huge c.en(ral generating slations were 
erected oii the coal-fields, and if the coal was convert.(‘d into gas 
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to drive sau-onginos on the spot, tlxon the gas-engines would 
drive dynamos and electrical energy could be distributed over 
largo areas at a fraction of its present cost, and the coal supplies 
would probably last for twice the length of time that is possible 
so long as the present methods are pursued. Moreover, the black 
pall that overhangs manufiwjturing towns would disappear, the 
grime oi the city would cease to exist ; the open grate with its 
smoky chimney and its aslies would give place to the electric 
radiator or the gas lire ; labour would bo saved ; and life would 
1)0 cleaner and lioalthicr than it can be now. But above and 
beyond all this, the very existence of national supremacy 
depends upoti the supply of fuel, and to use this wastcfully is to 
commit national suicide. 


I'KTKOUmJM 

The enormous inroads which industry is makingupon our supply 
of coal has stimulated t.he search for more economical methods 
of using ili, and probably stimulated also the search for substi- 
tutes. At the time the oarlit'r volume was writ.tc.n, however, 
oil was not. in comi)<‘t.il.ion with coal as a source of power, and all 
the earlier devc'lopuKMit of the petroleum industry was due to the 
need for light.. It was not unl.il after 1800 that oil and petrol 
engines began to iiie.reas(i the demaiid, and it is only within tlio 
la.st t.en years, or le.ss, that oil has really invadotl the territory of 
Kjt\g Coal. 

The hist.ory of the American oil trade nwls like a rotnancc. 
The first well was sunk at Oil Creek in 18f>0, and the first cargo of 
oil was shipped f.o Ijoiidon in 1801. Ten years later the (inantity 
had risen to f), 000, 000 barrels holding about '12 gallons each, 
or nearly 1,0(HMK)0 tons. Twenty years later, in 181)1, the 
(piantity was 0,000,0(10 Unis, almost entirely from Pennsylvania 
and Ohio. 

•Heal success eanie when the charges of the railway companies 
and the carters l«>d to long lines of pipes being laid down through 
which the oil was e-onveyed to the ports. Sjtecial tank steamers 
were built, so t.liat the trouble aud e.'cpense of using barrels 
could be avoided. These were followed hy tanks mounted on 
railway trucks and on roiul vehitJes, so that now the smallest 
consumer buys oil that has been conveyed in bulk practically to 
his vi'ry door. 

TJie extraordinary success of the I’ennsylvauia fields on- 
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couraged prospectors to search for other oil-boariiif? areas, and 
soon Kentucky, Tennessee, Colorado, Tndiajia, and Illinois bcffaii 
to contribute to the world’s supply. Then West Virginia, Texas, 
California, and finally Oklahoma developed the industry, so 
that to-day America produces nearly 30,000,000 tons, of which 
about 17,000,000 tons come from California. 7'hc whole. North 
American continent seems to have been saturated with oil. 
The search has been carried acro.ss the border into Mexico, and 
one English firm alone is said to have the right to sink wells over 
an area of 75,000 square miles in that eouut.ry. 

The second largest oil-producing country in the world is 
Russia, which yields about 10,000,000 tons pet annum. The 
original wells at Baku are becoming exhausted, but iJicro are 
large tracts of land which have not yet/ he.en t apped, Iiulustrial 
dcvelopraont is proceeding rapidly in Ruasia, and probably when 
her own wants have been satisfied not much will be available for 
export. Rotimania and Galicia, again, ace producing about 
2,000,000 tons per annum each, and could obl.ain more with 
bettor facilities for transport. Most of tliis oil go(‘s to (Jerruany. 
The present consumpt.ion of oil in the w<»rltl is 50,000, OOt) t.ons, 
and this barely meets the demand. Tlu*. pri(‘,<>. of pid rol luis risen 
during the last few years from Bd. to Is. 9d. a gallon, aiul t here 
is no sign of its immediate reduction. Bo far as Kurojie and 
America are concerned, the chittf dinie.ulty is one of transport'. 
Ereight charges have risen from Bs. (kl. to fitis,, and there are 
now more than 100 tank steamers being built in .England and on 
the Continent, eaeli cafiable of carrying from 2f)00 t.o 15,000 tons. 
How long the. jiroscnti inoreasc in consumption <‘an <*.outimic is 
an iiil.(*r<isting speculat/ion, c.onHideration of which may bo 
(lefcrn'd, however, unt il the. nature of t.he. oil has been considered. 

I’etrohuim occurs iti oert/aiii porous layers of the (‘arlh's crust 
just in the same way that/ water collects in i)i>rous sandstones, 
it frequently ooutains in solut.ion gaseous substances, known as 
natural gas, often under consideralile pressun*, so that, when the 
W(dl r(Mi<‘.iies the recpiircd depth the. oil is forced out, in a fountain 
several hundred feet high. Borne “ gushers ” jwur out t housaiuls 
of gallons per day for weeks after t/hi\y are first tappeil, Imt the 
pressure gradually (hicreawfs until the oil has to be pumpisl to 
the surfaoe. As thus obtaiueil it is an e.vil-smelling lt(|uid, 
varying from colourless through sluules of brown to black. 
It dilT(‘.r.s in composition in different localities, and there is a 
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corresponding variation in the methods of purification and in the 
products obtaiired. 

Broadly speaking, crude oil is a mixture of many hydrocarboirs, 
or bodies containing only carbon and hydrogen. Some of these 
arc light, highly inflammable liquids which become gas at 
ordinary tomporaturcs ; others are heavier but still inflammable 
liquids ; others arc yet heavier liquids, thick and treacly in 
appearance, less inflannnablo, and of groat value for lubrication ; 
while still others are. greasy or waxy solids at ordinary tempera- 
tures. Each of these is suited to its particular piuposcs, and the 
method of separation is based upon the principle that every 
pure substance boils at a definite temperature. If therefore a 
mixture like crude petroleum or rock-oil is heated, the constituents 
of lower boiling-point come off first, and if the receiver into which 
the liquids are distilled is changed from time to time, fractions 
boiling between certain limits of temperattire are obtained. 

Two methods arc employed in the process. In one the vessel 
containing the crude oil is heated gradually to a higher and 
higher temperature, and the resulting vapours, after being 
cooled by passing through several hundred feet of pipe, over which 
cold water flows, run into a receiver that can be changed as the 
temj)crature rises. In jmietica the actual temperature is not 
olwerved. The distilled oil flows into a box with a glass side, and 
the man in charge can tell from the appearance and rate of flow 
when the furnace temperature is to be increased, and the oil 
to be direct ed into a fresh receiver. This is known as the inter- 
mittent process. 

In the other, or continuous, process the oil is pumped in 
succession through a series of stills of snccossivcly higher tempera- 
tures. Passage through the first still causes the oils of lower 
boiling-point to evaporat e ; passage through the second separates 
tho grou]) of substaiu’es having a higher boiliiig-point, and so on. 
Wit h the first ])rocoHa the best yield of illuminating oil is obtained, 
and with the latter tho best yield of lubricating oil, 

1’he jjroducts, in the order in which they are obtaijied, arc as 

follows: ^ OaHOB — solidifying near freosiing-point. 

% ( tloar, colourless light oil — ^naphtha. 

5. Yellow illuminating oil — ^kerosene or j)nrallin. 

4, Lubricating oils. 

T), Parafliii wax. 

6. (Joke, pitch, or asphalt. 
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The gases which come oil lirst are allowed to eseapo into the 
air, or arc used to heat the stills. The naphtha is redistilled and 
gives 

(a) Gasolene or petrol. 

{h) Commercial naphtha. 

(c) Benzine,. 

Tlic lirst of these is the suhstane,o so largely used in the engines 
of motor-cars and ae.roplane,s. Tln^ last is used for dr,v eh'aning, 
and should not bo confused wit.h benzcMie, a coal-tar product 
which is sometimes used for motor-cars owing t.o the {)resent 
high price of petrol. A similar process is aj)plied to the ilhimin- 
ating oils by which the dillcretjt qualities sueh as “ water 
white,” eki., are separated. 

If in the original process a high yi(>ld of illuminating oil is 
required, a plan known as “ cracking ” is adopted when t.wo- 
thirds of this oil has come over. It (tonsisls in raising t lu^ t.('mpcra- 
turo of the furnace (pnckly, and causing some ot tl«> lul)ricat,ing 
oils to (lecompose, thus incnwising the yit'ld of oil suitable for 
giving light. Should a higlnsr yield of lulnhiating oil be rc((uirc,d, 
superluiated steam is driven through the li<iui(I in tlic st ill in 
order to encourage the oils of higher boiling-point to (‘.vaporab' 
without decomi)osition. There is a mark(«l diflt‘rcnct>, b<‘t.weeu 
Aineritjan and Russian metluMls, piu'tly Inu'ause tin*. American 
oils vary so much and partly because, wliihi t.lie Atiu'rican desires 
kerosene or lubricating oils, the .Russian retbu'r seeks a high 
yield of the residue, or aatatJee, for fuel. 

This i)rooess of “ cracking ” is likely !,(» become very important 
now that the lighter fra<'ti<ms are so much in demand for motor- 
cars. It would appear that there arc*, many less valuable ht'avy 
oils that yield a high jicrcentage of light oil on being subje<!ted 
suddenly to a high temperature. In sonui cases t he temlency to 
form acetylene mider these conditions may be jinwented by 
carrying out the operation in the j)res('noe of hydrogen gas. 

The lubricating oils and the paraflin wax both an» further 
refined before they come on the market,. Tlni high spe(«ls, high 
pressures, and high temperatures ctujiloyed iu mo<b>rn migiues 
have imposed severe condit,iouH upon the oils which are required 
to reduce friction, and the separation of Iht’se into grades 
suitablo for different purposes has bnitome a fine art. 

Before considering the special use of oil as a fuel it will be 
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interesting to glance at the great variety of services which 
petroleum products render to mankind. Of the 200 substances 
that have their origin in raw petroleum, the illuminating oils 
have surely the longest and the widest interest. In all the far 
corners of the earth, where the advantages of town life do not 
exist, they add to the light of day and well-nigh double the hours 
that man can give to his labours. They supplement the beams 
of the Arctic moon, and dispel the gloom of the tropical night. 
They illurainato the sick room and diminish the terrors of dark- 
ness. In a thousand and one ways they contribute to man’s 
comfort, and aid him in his fight against time and circumstance. 

The lighter products are most valuable solvents for rubber. 
Cloth may bo rendered waterproof by a thin layer of rubber, 
which when dissolved in naphtha can be applied with a brush. 
As the naphtha evaporates a continuous skm of rubber remains, 
which is light and impervious to rain. So, in the same way, rosins 
may be dissolved, forming varnishes, which on drying give a 
hard, bright surface that acts as a preservative of the material 
upon which it is laid. The readiness with which it dissolves fats 
and other substances not soluble in water, causes benzene to bo 
used in extracting grease from leather, in dry cleaning, and in 
obtaining oil from tlie seeds of plants. It is also used in the 
manufacture of jute, the fibre that is woven into the coarse 
canvas or “ scrim ” which is ust*.d so largely for packing bales of 
cotton and other fabrics. Finally, it is mixed with water or 
lime-wash for spraying fruit trees to destroy insects. 

From the hoavicj samples come vasolino, which is closely allied 
to the lubricating oils, petroleum jolly, and other similar sub- 
sianocs, I’araflin wax, obtained from tlio heavier varieties by 
freezing, and purified by six or seven successive processos, is 
used as an insulator for eleckical work, for wax candles, in the 
manuCaotiure of matches, for lining barrels, for glazing paper, and 
— ^for chowing-gtim ! Ijook where you will, at home or abroatl, 
in health or in sickness, some product of petroleum is there to 
meet a necessity or provide a comfort. 

But most of those substancits are by-products, and the enor- 
mous activity in the oil industry at the prt^ent time arises from 
its value as a fuel. From what has been said in regard to gaseous 
fuel it will be apparetii that the best way to burn a liquid fuel is 
to convert it into vapour, or at all events into a fine state of 
division. In xising oil, therefore, in a furnace or under a boiler 
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it ia necessary to convert it into a line spray, and tJus is usually 
ofEccted by forcinfr it through a special nozzle wliieli breaks it up 
into line particles. These form an intimate mixt-ure with the air 
supply, and when the latt(U* is properly adjusted rapid and coni- 
I)loi.e burning results. The cost o{ l.h(^ lighi.er oils j>rcveui-s their 
use for this purj^ose. except on a small scale. 1'he heavier oils, whi(‘h 
arc cheaper, do not How freely, imd they must be lumti'd and 
then forced through a nozzle by a jet of steait) or (sornpressed air. 
Such a nozzle is called an atomiser, because it breaks up the jot 
into fine particles or atoms. 

The fact that heavy grades of ptd.rohuim or evcMi eoal-tar can 
be and are used in this way has liad an (mormons ethmi. on tJie 
oil industry. The Californian oils, for (example, are heavy, 
contain but a small proportion of the lighter (^onst.ituents, and 
do not pay to nHlne. The. value of t-lu^ oil from i.his state tJunv.- 
forc depemls v(‘ry larg<‘ly upon its us(*. as a In mark(*d 

cont.rast oil from M(».xic() and the East Indices yi<dds a very 
valuable i)roportion of p(‘.irol. 

Him spee.ial value of a licpiid fuel in steam-raising deis'nds ui)ou 
tln^ facdr that the. llame immediately reaches its maximutu 
temperature — ignoring for a moment the (‘ooling efTe(‘i of the, 
furna(*(^. In a coal fire, on tln‘. other hand, some t inu' immi» elaps(^ 
before it is liot (uioiigh t.o raise steam. Many lire-^mgines nvo 
now supplied with oil-ilivd boilers, which (mable them tt> get up 
stcnim with gn^at rapidity, 

liesidoH burning it bemmth boilers, however, oil is used 
in enormous <piantiti(‘.s in the internal -(‘ombustion engines 
(h'-scribed in <-hapti*.r .IV, and for the details of its mni»loymeut 
in this way that cliapt^M* must be consulb'd. It may, however, 
be stat.e.d liere that while, fornmrly the chief tbmiands wen* for the 
iniddli^ fractions — the illuminating and lubrieuthig oils the. 
p4*.trol and Iieavy oil engines Imve er(»,ai.ed a rt'ady marki*!* for 
the liglder and beavi(».r produtds r(^s[)(*ctiv(‘ly. Mon‘ov(‘r, it 
fjliouhl be noted that while. Amcrit^i produ(’t‘s thre.e-lifths ot the. 
world’s supply, it is not the only country which wmds oil t.o 
(Jreat liritain. In fac.t», so recently as 1005) nearly half the pt^tnd 
used in this e.ountrv came, from tlm East. Indies, and om**<iuarter 
from the United Ktat.es. 

Eor burning under boilers and in the I)i(*se.l engine e.rude. gnwles 
of h(‘n.vv oils, and iwm tar, (‘an be used ; and these are obtained 
by distilling oil h1ui1(‘S and coal. Ko wc^ ur(‘. by no means d(‘p<*ndt‘nt 
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upon oil wells for oil fuel. It must also be remembered that the 
production of oil &om all sources is far less than the quantity of 
coal available. Mr. Dugald Clerk has calculated that not more 
than 20 per cent of the world’s power could bo produced in this 
way. 

But while oil fuel is, and is likely to remain, more expensive 
than coal, there arc cases in which first cost is of secondary 
importance, and for ships of war, and especially the smaller 
vessels, it possesses manifest advantages. A ton of oil occupies 
about three-quarters of the space of a ton of coal, and its heating 
power is about one and a half times as groat. Time and labour 
are saved in filling the bunkers, because the oil can be pumped 
in ; while if oil-engines arc used siiacc is saved and fewer men are 
required to work the machinery. A vessel with oil fuel could 
steam over a greafi'r distance from its source of supply, and it 
would make no smoke to attract iho attention of the enemy. 
In fact, its value on warshi])s has become so fully recognised 
during the lasli few years that great activity is being displayed in 
establishing oil depots all round the coast. The oil stores at the 
mouths of the Medway and the 1 lumber are being cularged at 
costs of £1:50,000 and £120,000 respectively. At Jnvergordon, 
in Cromarty Firth, the estimate is £44,000. Extensions are to 
bo mad<» at Portland and Portsmouth, and new depots are to bo 
established at Pembroke, llaulbowline, and Ilong Kong. 

In the new organimition of the North Sea fleet there will be 
thirty-six tiorpedo boat destroyers and twenty-four torpedo boats 
burning oil fuel ; and sixteen other oil-burning vessels will be 
statiioned at Portland. 

Nor is this feverish anxiety to adopt oil fuel confmod to Great 
Britain. For naval purposes every country in the world recog- 
nises that it is the most suitable fuel, and that it has preponder- 
ating advantoges for all the smaller craft. Moreover, the extra- 
ordinary success of the Diesel engine has opened up new possi- 
bilities in marine propulsion. Every harbour on the American 
coast is to be provided with huge stores of oil, and soon every 
port of note in the world will possess facilities for bunkering the 
oil-fnel ships that carry their goods. 

AI-COIIOI. AS A PUEt 

The rise in the price of petrol has led to the search for substi- 
tute.*! especially suitable for use in small motors, and it may 
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have puzzled some readers to know why so inuoh stress should 
have been laid on alcohol. The fact is that alcoltol costs very little 
to manufacture, riactically all plants contiiin sttireh or cellulose 
— in fact, the latter is their chief constituent — and both starch 
and cellulose produce sugar cither in tlie natural processes which 
accompany plant growth, or by artificial fermentation. Eurther, 
sugar yields alcohol when the living ferment yi^ast (or balm) is 
grown in it.. It is clear, therefore, that while some forms of 
vegetable life would produce more ahiohol than otliers, this 
liquid, which will bum and can be used in int^\rnal-combust.i()u 
engines, c-ould be obtained in enormous (|uant ity if nuiuired. 

But the (luestiou raised by t.he ust^ of ahiohid is of far wider 
signiilcance than ajipears at first sight>. TimbtU' is a slow-growing 
form of fuel, and its use is attended with disadvantages, to which 
reference has already been made ; and alcohol can bo prepared 
cheaply from any kind of quick-growing vegetat ion M.hat absorbs 
carbon dio-vide from the. air to build up the celhdose of its frame- 
work or the starch of its cells. This may not app(«il very st.rongly 
to those who live in thickly jsqmlated countries wlu're land is 
dt'ar and mwled for raising food, but it does appeal to the 
colonial farme,r, who sees an opjKirtunity of clothing prolltably 
the vast acres around him. 

Coal and petroleum, on th(» other hand, an*, not, so far as we 
know, in process of formation at. IJie. pn'si'iit t-inn* in any part 
of the i'urth’s crust, and t.he use of these kinds of fuel is a (!on- 
tinual drain u|)on capital. The muierials whieii tint plants 
take from the soil can be ret.urned to it, but there is no way of 
replacing coal in a mine, or of renewing the oil in an exhausted 
well. It in time the ancient store of natural fuel shotdd give out, 
then HO far as we, can tell now thitro would remain as sourees of 
power only wind, water, and such combusl ihle maf.erial as eould 
i)e grown after the demand for focal had becni sat islic'd. The' 
hungry man docs not break his fast on firciwood and small coal, 
Imt th(4 thirsty man often drinks an unueceissary amount of 
alcoholic Ucpiid, which is a really valuable source of powc'r. 
And it is just possible that thc^ housewife of t lie future will feed 
the kitchen lire with whisky and warm th(‘ drawing-room with 
(*lTi*rvuH(dng champagne. 
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THE world’s supply OP FUEL 

It will be appropriate now to consider how far the vast stores 
of natural fuel are capable of meeting the world’s demand. 
Wo have already (on p. 1C) drawn attention to the seriousness 
of the coal problem in Great Britain, and it will be interesting 
to consider details. The following table shows the rate at 
which coal i.s being raised and the estunated amount remaining 
in the coalfields of the principal European countries in 1906 : — 

Animal pitiduciion in toiiM. Amount rt^mainint; In toiiH. 

Great Britain 236,130,000 .. 140,000,000,000 
Germany . . . 119,350,000 . . 160,000,000,000 
France .... 34,780,000 .. 17,000,000,000 

Belgium.... 21,500,000 .. 16,000,000,000 

Euasia 17,120,000 .. 20,000,000,000 

At this rate Great Britain will be exhausted within COO years, 
Germany in 1250 yemrs, France in 500 years, Belgium in 800 
years, and Russia in 1200 ye-ars. But these estimates are based 
upon a continuanoc of the present rates of production, and the 
rates are inereasing in every country in the world. Moreover, 
long before the point of exhaustion is reached the value will have 
risen t-o famim! prie.(‘.s. The more easily worked seams and the 
b(wt varieties are being extracted now, and coal will be more 
(lillicult to obtain, htss in amount, and poorer in quality as time 
goes on. People who affect a sentimental regard for the cheer- 
fulness of an open lire will come to look upon it as an expensive 
luxury, and unless discovery and invention shall reveal some 
otlu'r source of cheap power, trade will decline and pass into 
the hands of thosc^ wlio are more richly endowed by Nature or 
who ant less r<‘(!kless with the gifts which Nature has bestowed 
upon tlnun. 

Now glance at the oil supjdy. The world’s consumption is 

50.000. 000 tons per annum ; the magnitude of the world’s store 
is unknown. A rexiont American Consular Report estimates that 
if the demand increases at the present rate no loss than 

290.000. 000 barrcils will bo required in 1917 from that continent 
alone ; and this can only be met by the distillation from oil 
shales to supplement the supply from the wells. In the short 
spatM* of fifty ytuirs the (tarlier wells have been worked out, and 
every source near to a manufacturing district or a seaport has 
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been tapped. Other districts have been prospected. The 
Mexican fields are bciii}j; developed, huge concessions have been 
obtained in Venezuela, South Africa and Now Zealand arc known 
to possess a store. 

But beyond this there is the untold mineral wealth of the 
Par East. The ancient civilisations of the Orient^ — India and 
China — ^flourished in an age when the rise of mechanical power 
was hardly known, when agriculture and Ihe art« W(^re earriiid 
on mainly by manual toil or with the aid of beasts, and when war 
resolved itself into a hand-to-liand (ionfliet in which jicrsonal 
courage and dcxt(irity acliiev(>d their purpost^ without. (h(> help 
of discovery and invention. Of the vast, riches benentih the 
soil they had little knowl(«Ige and small n(*(>d. I’he conditions 
of life have now change, d, un<l the causes which led to the growth 
in power of European nations will operate to the atlvantage of 
the lands in which civilusation ro.se, declined, and hdl in an age 
when man had made less headway in his eternal (‘oidlict with 
Nat.ure. 

M((antime the present is more important than tlu* past or 
future. ; imim'diate ne<H'ssiti(is overshadow dim and dist.ant 
possibilities ; and every advance in t.h('. ec<inond(taI jtroduc'tion 
of power adds a span of years t.o the lives <if t.he ,*!,real nations 
of to-day. 


(UrAPTER HI 

STFCAM rOWKll 

When James Watt, in ITfiO, improved the enuhf un<l clumsy 
contrivance that worked by steam, lus invented the <lriviug force 
by which the indu.strial revolution of the cigliteenth century 
was achieved. In the Hpa<!e of 100 years which have elap.sed 
since bis time the mat.erial conditions of life (ui th(‘ <'art,h have 
altered to a greater exticnt than in the i>revious 17(K) yeiars. 
A new civilisation has arisen, so dillenmt from any which have 
previously existed in the hiBt.ory of the world, t.iui,t man has 
liardly yet grasped the sigidficance of the change, and can only 
see *' as in a glass, darkly ” the possibilities of ihe ct>ming years. 

Kor more than a <!entnry the steam-engine had a clear field. 
Tin* production of powi'r from coal is slea(li<(r than fnim a water- 
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fall wliose volume varies witii the seasons. The great manu- 
facturing towns then sprang up on or within easy reach of the 
large coalfields. Koowlodgo of electricity, the possibilities of 
which had boon seen by Faraday in 1832, passed through a long 
period of infancy, and by the time that efficient generators of 
large size wore a commercial success the steam-engine was 
firmly established. Not until after 1870 did the intcrngl- 
coinbustion engine appear on the scene, and for twenty years 
it did little more than supplement in a humble way the efforts 
of the giant that had altered the habits and customs of the 
civilised world. 

To no country was the time and circumstance of Watt’s improve- 




Fig. 111. Tiunhvkiwr Sei!TI(in of 
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Fig. 20. Tkanhvkusk Skction of 

LaMOASUIUR liUlLEU. 


ment so important as to ours. From that period Groat Britain 
has been comparai.ivcly free from war. The great continental 
nations, on the other hand, have been frequently embroiled, and 
it was during the Napoleonic wars tliat Groat Britain laid the 
fonndations of an industrial supremacy that opened to her the 
markets of the world. With g(‘.noroiis natural resources, a unique 
geographical position, and vast colonial possessions, she was 
able to take advantage of scientific discovery and mechanical 
invention, and not only to initiate a now era in the ptopess of 
man, but to lutld her place oven after other countries had 
entered the field. A just pride in the army and their weapons, 
in the navy, in the merchant service, in internal transport, in 
manufactures, should ho tempered by the reflection that the tree 
» 
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of whicli all those arc the fruit is tho mechanical invention of a 
Glasgow instrument maker nearly 150 years ago. 

In tho engines which man uses to wrest from coal the storod- 
up energy of tho prehistoric sun the lino of progress of the last 
century has boon to secure more power from each pound of fuel 
used. Tho steam-engine is a heat engine. The coal in burning 
produces heat — each pound of coal giving about 14,000 \mits. 
This heat is taken to the engine in the form of hot steam, and 
when tho steam passes out of the engine it is cooler. The useful 
portion of this cooling is due to tln^ exj)anHiou of 1,1m ste^un 
in forcing tho piston backwards and forwards, and tlm rest is 



Fig. 21. Tuiuck Tyww <>p VKUTiOAr. Uou.Kuh. 


more or hws unavoidabhs loss. The higher tlie (.(unjUTature of 
sU^am to begin with, and tho lower its t<uni)erature at the end, 
tho greater will be the amount of work <lone, provid<*d tliat Ihe 
losses do not increase in tho sarm*. propttrtion. If therefore 
the greatest amount of heat is to he. oljtaini'd from tlm coal, it 
is necessary to consider two sets of losses"’ those whi<‘h occur in 
the boiler, and those whusli occur in the engitu'.. lj<(t us c<tnsid<‘r 
the boih'.r first. 

TirB MODKRN HOILKR 

The diagrams in Rigs. IS) to 23 re.present Ihe chief types of 
boiler in use some forty years ago. In all <‘aHe.s the. hot gas«*H jtass 
through a number of tubes or Hues to tho chimney, if these tubes 
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aro large in diameter, as in the Cornish or Lancashire boiler, 
the hot gases in the middle oi the fine do not come into contact 
with the walls, and the heat they contain escapes with them up the 
chimney. To prevent this wide flues have water tubes across them 
which not only intercept the hot gases, but encourage more rapid 
circulation of the water. At the same time return flues are built 
in the brickwork on either side of the boiler, and the Lancashire 
typo is a very efficient form of steam generator. Clearly, the more 
effectively the hot gases can be intercepted on their way to the 
chimney, and the more rapidly the water passes over the hot 
surfaces, the greater will be the amount of heat transferred to the 
water in a given time. Further, so long as these ends are attained, 



the more fiercely the fire btirns tlie greater will be the amount of 
steam produced in the same interval. The modem boiler has to 
evaporate water rapidly, and must have relatively largo heating 
surface, a fiercely burning fire, and be capable of witlistanding 
high pressures. Increase in heating surface has been attained 
by arranging that a portion of the water exposed to the fire is 
contained in narrow inclined tubes amongst which the hot gases 
pass on their way to the ohiirmey, and these on account of their 
relatively small diameter— 3 or 4 inches— may be made of tliin 
material and yet bo strong enough to resist the liigh pressures 
to which they are exposed. The water in tliese tubes takes up 
heat rapidly, decreasea in density, and rises througli the upper 
ends into a cylhider or drum which contains the main portion. 
Cool water then flows from the drum into the other ends to take 
its place. In this way not only is the water in the tubes heated 





3G DTSCOVEETES AND tNVENTTONS 

quickly, but it moves on quickly to make room for cooler water 
from tbo drum. 

Very frequently boilers on land can bo equipped with chunnoys 
of such a height that the natmal draught is suflicioiit to maintain 
rapid combiistion, but forced draught is coming into greater use. 
The air for this purpose is usually supplied by a fan, wJiich 
forces it directly into the furnace ; but on ships tlu^ fan is placwd 
outside the stokehold, which is closed uj) so Ihat tiho men work 
uiulex the jwessnre wliich drives the furnaces. The practice on 
locomotiv(’s, invontcHl by (j!eorg(^ Bteplicnson, was Ut allow the 
exhaust steam to pass up the chimney, but this is far too wasteful 



to bo used for stationary or marine engines tnuh'r mod(iru 
conditions. More ('specially, fresh water at sea is so scarce that 
every ouiuio passijjg through ihe engine is c-ondenseil, fn'cd 
from oil, and iv,turn(‘d to the boiler. 

A saving is eff('ct;ed in larg(' boih'r iiwlallai ions by tin' use of 
“ ('eonomisers,” which consist of m'sts of i.ulies throngh which 
lihe f(«Hl-water paHS('8 arranged IsdiWtsui tlu' boiler and stnoke- 
stack. A (piantity of Inuit which woidd otlierwise be lost is 
caught and nsturm’d to the boiler, whic'h has h’ss heat to supitly 
than if th(' wafer was fed in cold. 

Th(' amount of sksam at a giv<m tcmqmrature that can be 
produced per pound of coal depends a good deal on careful 
stoking. If th(» fir<^ is allowc'd to burn low, and is tluni choked 
with a heavy charge of coal, much smoke will be pruducitd, the 
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pressure of tlie steam will vary, and the boiler will bo incficient. 
Such irregularity is avoided in largo installations by the use of 
mechanical stokers. The coal is fed into a hopper in front of 
the boiler and is carried into the furnace on a wide chain belt 
or by a ram which moves backwards and forwards. By this 
means a steady supply of fuel is provided without opening the 
doors and allowing a sudden inrush of cold air. 

A further device, though this aflccts the officionoy of the engine 
rather than that of the boiler, may be mentioned here. In most 
boilers it is practically impossible to draw oil dry steam, i.e. steam 
free from small drops of water ; and this water serves no useful 
purpose in the production of power. The presence of water in 
the steam is known as “ primmg,” and has to be reduced as far as 
iwssible. The practice has arisen, therefore, of superheating the 
steam by passing it through tubes contained in the flues on its 
way to the engine, as in Fig. 24. It is possible to give it a 
temperature considerably higW — ^by 100° or 200° F. — ^than the 
temperature in the boiler. The tiny drops of water are converted 
into steam, and its volume increases. The thread of steam in the 
hot tube is drawn out and lengthens towards the cylinder, which 
it fills with loss wei^t than would bo requited at a lower tem- 
perature. Not only are the defects of priming eliminated, but 
the increase of temperature produces the same cflect as an 
increase of pressure, and the engine uses loss steam per horse- 
power. Superheating is no now device, but contrivances for 
ofEccliing it have improved a good deal in receirt years, and 
metallic packing with non-carbonising cylinder oils have rendered 
a liigher dogrec of superheat possible. It is now applied to every 
typo of engine — stjvtionary, marine, and locomotive — and it may 
be said generally that a saving of 1 per cent of fuel is effected 
by every 10 degrees of superheat. 

There arc several very interesting methods of aufiomatically 
regulating tlio supply of feed-water to a boilia:. Under ordinary 
circumstances it is the business of the man in charge to keep an 
eye on the water-gauge, and to adjust the supply from the feed- 
pump whenever necessary. There is one level which gives the 
best results in practice, and a constant level in any case leads 
to less priming, more xuiiform pressure, and generally to more 
regular working. If this can bo taken out of the hands of a man 
and put under the control of a machine, so much the better. 
The particular form selected for illustration is that made by tho 
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Crosby Stcam-Gaxigo and Valvo Company, and is shown dia- 
grammatioally in Eig. 26. TIio tube boiwoon tho valvo which 
admits the water from the pump to the boiler, and tho bulb, 
which has a partition across the centre, is filled with distilled 
water. Any change of temperature under the parl.ition in 
tho bulb will cause this water to expand or contract and ihus 
open or close tho valve. Tho bulb is fixed so that tho partition 



is at tho desired level of the water in the lioih'r, and the tubes 
connect the lower lialf with tlio sti'ani space and the water 
space respectively. If tho waUur-level in the boiler risi's ever 
so little, tJien water from t.he lower jiart of the boiler comes into 
contact with tho partition, cools iti, and ehtses the valve. Hut 
if tho wate.r-lovcl sinks, steam enU'rs the bulb, warms up t he dis- 
tillcd water above the partition and opens the valve, it. is 
difficult to imagine a more beautiful contrivance than this. 
When steam is being drawn from the boiler, the valve, is rarely 
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completely closed or open, but executes a slight movement 
according to the rate of evaporation. With unerring accuracy 
it feels the pulse of the boiler, and responds to the faintest 
variation of level. The machine does what no human being 
should have to do ; by sheer concentration upon one mechanical 
detail it executes this duty with perfect reliability. It has no 
variety of initiative to be destroyed, and the man has. 

It will be clear that the engineer is engaged in a decimal hunt. 
Every device that will entrap and retain a fraction of the heat 
produced by the burning fuel is eagerly adopted, every chink and 
cranny by which waste could occur has boon stopped up. The 
modern boiler is the result of a vast amount of thought and 
exporienco, of exact calculation, of trial and error, of success 
achieved through temporary failure and disappointment. 
Twenty years ago the production of one horse«power required 
from 6 to 7 square feet of boiler-heating surface ; to-day it can 
be produced with from 2 to 3 square feet. Eormcrly 3 or 4 lbs. 
of coal were required per horse-power per hoxur j now the same 
power can bo and is obtained for from 1 to IJ lbs. 

As illustrations of modern types of water-tube boilers we select 
two for description. Fig. 26 shows a section tlurough a land 
form of the famous Babcock and Wilcox boiler. This shows 
very clearly the arrangement of inclined tubes fixed at right 
angles to the stream of hot gases, and connected at cither end 
with the drum at the top. It also shows the baffle-plate by which 
the hot gases, having passed over the upper half of the tubes, 
are directed in turn through the lower half on their way to the 
chimney. The U-shaped tubes, fixed horizontally just below 
the drum, form the superheater. In front is shown the hopper 
into which the coal is fed, and below is the mechanical stoker 
mounted on a truck so that it can easily be withdrawn from the 
furnace. The coal falls from the hopper on to a chain bolt, which 
passes round toothed rollers at each end of the carriage, and 
feeds the coal gradually on to the grate. The grate is fitted with 
rocking lovers which, moving backwards and forwards, prevent 
the formation of clinker, and keep the fire-bars clear of ashes. 

The Yarrow boiler illustrated in Figs. 27 and 28 is the outcome 
of many experiments made by Mr. A. F. Yarrow, the famous 
engineer and shipbuilder, who has done so much for the scientific 
development of shipbuilding and marine engineering. It consists 
of two lower drums and an upper drum, with which the lower 
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ones arc connected by tubes arranged on either side of the furnace. 
A superheater is fixed between the tubes and the casing on one 
side, and a feed water-heater in a similar posHion on the other. 
The feed-water enters the upper drum at the side and is deflected 
by a plate down the outer row of tubes to the lower drum, 
so that it does not mix immediately with the main body of hot 



water which is being converted into steani. The lieal. (uin he cut 
off from the food-water heater or Hupe.rhe.atcr by damperK on 
either side of the up-take hsading to t he chimney. Ueeent h'Htn, 
the results of which were eoiiiiminioated t.o the liiHl ilute of Naval 
Architects by Mr. JI. E. Yarrow, show a very high enieieiieiy, 
and in the dotaila of oojiHtrue.l.iou it reachcH the acme, of [)er- 
fection in the boiler-niaker'a art. 

Both the Babcock and Wilcox and Yarrow hoih'rs can he and 
are arranged to burn oil fuel. Of the former D, 5)00,000 horse- 
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power are in use or on order for land and 2,700,000 for marine 
purposes. 

Considerations of apace prevent description of other interesting 
types — ^the Stirling, White-Foster, Thorneycroft, to mention 
no more — ^which attain an excellent standard of economy, 
and are made in large numbers. Sufficient will have been said 
to indicate the chief factors in tlic economical raising of steam 
in the first decade of the now century. 

MOPBUN STfiAM-KNQlNXS 

Before considering the modem improvements in the steam- 
engine it will be desirable to recall briefly how the engine works. 
Referring to Fig. 29, the steam enters the steam-chest, and when 
th(! crank is in the position showi, it passes through the back port 
into the. cylinder, and iwsses the piston forward. Before the 
piston has reached the end of its stroke, the valve moves so as to 
admit steam at the other side of the moving piston to steady it ; 
then the back port is ])ut into communication with the exhaust- 
port. The steam entering at the front of the piston now forces 
it back \intil at the end of its stroke it is allowed to eseape 
through the exhaust. Sine.e the time of Watt it has been the 
custom to condenst', the steam issuing from the exliaust, eitlier 
by jtassing it ilirough tubes surrounded by cold water (surfaco- 
condenser) or l)y leading it into a chamber containing jots 
of cold water (j<'.t-coiulenacr). In either case an air-pump is 
used to remove the baek-pr(>88uro on the piston. 

The. objecst of admi(.ting staim in front of the moving piston 
is to pro.vejit shook, by forming a “ cushion ” which pulls the 
piston up geuf.ly. 1’hc object of cutting ofE the steam early in 
the siiroke is to utilise, as much as possible of the heat energy in 
the. steam. The expansion jmsluces cooling, and the heat 
wliich disappears corrc'sponds, when allowance has been made 
for t.h«it used in raising the l.emp(fraturo of the engine part«, 
to the work done on th<^ piston. If the steam is cuti off at one- 
third stroke it expands to three times the original volume ad- 
inittKsd ; if at (piarter Ht.roke to four times ; if at one-fifth to 
five times, and so on. The disadvantage of too great a range 
of expansion in an «)r(Huary cylinder is that the steam has to 
j)tisH throtigh ports of the same urea as \ipon entry. Unless, 
therefore, it emerges with a very high velocity, congestion occurs 




bo uiide8ira}>lc. In order to hoo why hit hh coiiHidor liow tlui 
engineer finds out what is going on iimido tho cylinder. 

If a piston is fii,tcd in a tui»o connocUtd with one cn<l of the 
cylinder and hold in place hy a spring it will move up or down 
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as tho pressure increases or deereases ; and if a pencil is fixed to 
this piston it will trace on a paper against wliich it presses a line 
whieh varies in length with the pressure. Supposing the paper 
to bo fixed round a small drum and connected with tho cross- 
head by a string, so that it turns round as the piston moves, 
a fjxcd pencil pressing against it would trace a lino representing 
the length of tho stroke to scale, and the rate at which this line 
was being drawn at any point would depend upon tho speed of 
tho piston at that point. But if, instead of the faxi pencil, 
the pencil registering the changes of pressure wore used, 
the lino traced on the paper would indicate both tho 
changes of jircssuro and the corresponding movement of the 
piston. Such an arrangement is called an indicator (Fig. 30), 
and the figure traced on the paper is called an investor 
diagram (Fig, 31). 

The shape of the diagram gives information as to the variation 
of pressure throughout tho stroke and the rapidity with which 
steam enters and leaves the cylinder. Its size represents to scale 
the work done by tho steam. The problem of tho engineer, there- 
fore, is so to adjust the initial pressure, cut-oil, and other move- 
ments of tho valves as to obtain a maximum area for a given 
weight of steam. Many of the improvements of tho first hundred 
years were improvements in valves and in the various methods 
by which they were operated. Friction was reduced, the steam 
was admitted more quickly, allowed to escape more quicldy, and 
tho point of cut-ofE could bo varied to meet difloront conditions of 
working. Tho old D-shaped sUdc-valvc is difficult to keep steam- 
tight withoiit undxily increasing the friction, and has been replaced 
in marine engines and high-speed engines for electricity stations 
by tho piston-valve. In this case the Valve -chamber is like 
another cylinder, to which the steam is admitted first, and tho 
movements of two pistons on one rod open and close the ports 
between the two cylinders. Again, the desirability of opening 
and closing the ports quickly has been mot by tho use of drop- 
valves, first used on tho Corliss engine, and now adopted by 
several makers. A very interesting type made on tho Continent 
is tho XJniflow engine of Sulztu Bros., and other makers. Tho 
oxliaust steam passes out of openings round tho middle of the 
cylinder, which are put into communication with each end 
alternately by tho movement of tho piston. This avoids the 
usual reversal of flow which ordinarily occurs when tho steam. 
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having forced the piston to the end of its stroke, escapes through 
the same opening by which it entered. 

The problem of obtaining a larger amount of work per pound 
of steam clearly depends upon higher initial pressure, and a 
lower pressure of exhaust, or in other words u])()u the range of 
expansion. There arc, however, certain disadvantages in 
expanding steam in one cylinder to more than five times its 
original volume ; so the compoimd engine, in which the steam 
passes successively through cylinders of increasing size, was 
invented. There is a definite ratio between the diameters of 
successive cylinders, and the cut-otls are so adjusted that the 
steam from the first is just suflioiout witji its increased volume to 
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supply the seocmd, and that from the second is just, sufliciimt 
to supply the third. In some eases a fourth cylinder is added. 
Occasionally, in order to avoid cylinders of (‘.xiiessive diameters, 
two low-pressure cylinders are used, and tlni steam from the 
intermediate cylinder is divided b(*.tweeu them. There is of 
course a limit to the initial pressures that can be miiployed, 
but the steam is gmierally 8ujK^r)ieat.e(l on its passage t.o the 
engine, and with metallic packing and non-earhouising e.ylituh'r- 
oils an incrcJisc of tcunpi'.rature of 100” E. or more can be used 
instwwl of an oxcijssive inoreaso of jiressure. 

Th(^ uso of a condmiser to reduce lh(i hae.k-pn'ssiiro was 
Watt’s greatest gift to the steam-c'iigiiie, ’Hu*, increase of 
eflioieney by c-xpanding the stieam aiul eomhmsing it in a vacuum 
is so great tliat it justilhw the uso of air-j»umps to remove the 
exhaust steam from the <‘.ngincs, and water-pumps to e.irtnilate 
the cot»liug water. With all the power reciuiretl to work this 
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auxiliary machinery there is still a margin left to tempt the 
engineer in his pursuit of the decimal. 

While locomotives and marine engines have adopted the 
various improvements which have been described, they have 
conserved to a large extent their original form. With stationary 
engines, however, there is a marked tendency to replace the 
horizontal by the vortical typo. In fact, the modern engine is 
a high-speed vertical enclosed engine with forced lubrication. 
The vertical engine occupies a smaller floor space for a given 
power, and if the fly-wheel is necessary it can be sunk in a 
pit, so that the bearings can be rigidly connected with the 
foundation. 

High speeds involve reliable material and imimpeachable 
workmanship. But they also introduce certain mechanical 
difficulties which require special means to overcome them. The 
first of these has been indicated in the last paragraph by the term 
“ forced lubrication.” When two surfaces are nibbing together 
they will soon become hot, unless they are separated by a film 
of oil. With high-speed engines enormous forces are called into 
j)lay, and a very thin oil would be squeezed out. Again, at high 
speeds the oil-film is liable to bo broken, and cavities formed. 
Both these datigcrs are averted by forcing the oil between the 
surfaces by a small pump driven from the engine-shaft. 

The next problem is the reduction of vibration. As the piston 
mov<® backwards and forwards it alternately pushes and pulls the 
crank. This produces alternating pushes and pulls in the frame 
or foundation which connects the bearings and the cylinder, 
and when these alternations are taking place 600 or 700 times 
a minute a good deal of vibration may bo produced. 

But vibration may arise from another cause. The weights of 
the rotating parts are not equally distributed round the engine- 
shaft. The crank-pin and oonnccting-rod end are moving round 
the shaft — ^now in front, now beyond, now above, now below. 
If a stone is whirled round at the end of a string the latter is 
stretched tightly, and, if the stone is heavy or is wliitled round 
very fast, the string will break. The force exerted outwards 
by a rotating body is given by the formula 

(jr' 

whore w is the weight, r is the radius of swing, v is the velocity 
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in foot per second, and g is the gravitation constant (=32-2). 
Suppose the weight to bo 100 lbs., and the radius to bo 20 inches, 
and the number of revolutions per minute 300, the force on the 
bearings duo to the rotating parts would in that case bo nearly 
2 tons. This may squeeze out the lubricant, cause heating, 
and oven bui’st the bearings. In order to avoid this the sides 
or slabs of the crank arc continued backwards and cxi)andcd 
in the shape of a fan in such a way that they balance as nearly 
as possible the rotating parts on the otlier side of the shaft. 
In this way an approximate solution can be found. With two 
cranks the problem is more diflicult. Ju the locomotive the 
reader will have observed that the space between some of the 
spokes of the driving wheels are filled in. Tliese solid masses of 
metal prevent in some measure the excessive vibrations that are 
liable to occur at high speeds. 

A good example of a modern reciprocating engine is that 
made by Messrs. Beiliss & Motcom, of Birmingham. The 
makers term this a quick-rcvolution rather than a high-sj)eed 
engine because, in view of the shortness of the stroke, the 
linear speed of the pistons is not greater than that in slow- 
speed long-stroke engines. Apart from considerations of design 
based on many years’ experienci^, and high-class workman- 
ship, one of the chief features of this engine is the system 
of forced lubrication whicli was originatiHl by the firm in J890. 
A small pump supplies oil at 10 lbs. to 20 lbs, presstini per square 
inch to every part of the engine, and tliis oil drains into a tank 
and is used over again. The wear is thereforu negligible, the 
cost of repairs extremely small, and the labour reciuired is loss 
than in engines in which the lubrication of each part is under the 
direct supervision of the man in charge. 

The engines are double-acting, the steam being admitted above 
and below the pistons in turn. They are ma<le simple (with a 
single cylinder), compound (witli two cylinders in series), and 
triple expansion (with tliree (ylindcrs in series), and the moving 
parts are wholly enclosed to cxelude dust. 

It is claimed by the makers that the engine lias an elllciency 
equal to that of other reciprocating engines at full-load, and is 
superior to them at thrco-quorter-load or lialf-load. This is a 
very important matter in power stations with a varying load. 
They run at 250 to 500 revolutions pot mimd,e, and tlus governing 
is guaranteed to maintain the speed constant within 3 per cent 
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for ordinary variations and witWn 10 per cent for momentary re- 
moval of load. In iron and steel worte wliere the load may vary 
from full to nothing twenty times in an hour such steadiness 
is absolutely essential. Much has been written of the marvellous 
reliability of a modern watch, but when it is stated that one of 
those engines installed in a chemical works ran for 99-77 per 
cent of the total number of hours in a year, making 85,000,000 
revolutions from July 1st to November 30th without a stop, and 
required no repairs or adjustments, some idea will be gained of 
the accuracy of workmanship and reliability of the modem 
steam-engine. 

The engine illustrated in Eig. 32 is of 2500 horse-power, and 
is one of twelve similar engines in the Summer I^ne Power 
Station of the Birmingham Corporation. 

THE STEAM TUEBmE 

The type of engine which has hitherto been described has both 
advantages and disadvantages. It is as efficient as a steam- 
engine can bo over a wide range of load, and is capable of being 
readily adjusted to moot special conditions. It is the concentra- 
tion of a century of invention directed to the attainment of 
efficiency without modifying the principle of action. But in 
large engines there are heavy masses of metal in the piston, 
piston-rod, cross-head, and coimeoting-rod, which move at high 
speeds and have their direction continually reversed. Part of 
the energy of the steam is used in sotting these in motion, and 
part in bringing them to rest preparatory to motion in the 
opposite direction. In fact, a reciprocating engine is wasteful 
in starting and stopping a portion of its own moving mass. 
Moreover, the effort of the connecting-rod on the crank varies 
throughout the stroke, reaching a maximum only when they are 
at right angles. Consequently engineers have endeavoured, 
from the very beginning, to obtain a direct rotary force exerted 
upon the shaft, without the intervention of piston, connecting- 
rod, or crank. During the last twenty-five years their efforts 
have been successful, and the steam turbine has made giant 
strides. 

The simplest form is that invented by Dr. Oustaf de Laval, 
and its action is explained by Eig. 33. The disc has a number of 
curved vanes fitted radially near its outer edge. The steam is 
directed upon these by four, sis, or more nozzles, one of which 
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is shown transparent in the figure, in such a way that it impinges 
upon the blades and causes the wheel to spin round. The whole 
arrangement is enclosed in a case through which the shaft passes, 
so that the steam can bo d^awn off after it has gone through the 
wheel and either discharged into the air or condensed. 

There arc several scientific principles of grcal. interest involved. 
The first of these determines tlic shape of ihe nozzles, one of 
which is shown in section in Elg. 34. It will bo observed that the 
size of the opening increases as the mouth is approached. If 
steam is allow(id to escape from a narrow o|)cning into a region of 
much less pressure, it is “throttled,” and has only a moderately 
high velocity. If, however, the opening expands towards the 
mouth the steam expands, and ac(iuires a very high velocity ; 
hence though the weight of steam may ho very small it is able to 
exert considerable force upon anything which stands in its path. 
Each blade therefore receives an impulse from the j((t of steam 
which issues from the nozzles with a velocity of 3000 or 4000 
feet per second. 

If the wheel bo prevented from rotating Ihe steam will issue 
on the other side of the wheel with the same velocity that it hrft 
the nozzle, hut this velocity will be in another direction — ^tho 
direction in which the patJis between tho vanes })oint on the 
exhaust side «)f the wheel. Sujipose the wheel U) be rol.ating 
so that tho vanes aro moving as fast as th(< steam is issuing from 
tho nozzle, the stcyim tlnsn will exc*rt no for<!(« upon tluiin at nil. 
It should be clear Ihorefore that there is sonu^ vcloe.ity between 
nothing and tho velocity at which tho steam is issuing at wliieli 
the greatest amount of usohil work will be done, ami tliis is nearly 
half the velocity of the issuing steam. ^ 

The velocity of steam expanding through a nozzle of the. typo 
shown is v<>.ry high, and may easily rcac'h 300t> or 4001) feet a 
second. This moans t.liat the vaiuis ought t.o move at IfiOt) t.o 
2000 feet per scutond, or 90,000 to 120,000 feet per minute 1 In the 
ease of a small mae.liino with a whc(d only 0 iimlu's in diamet.(‘r 
this would involve, theoretically, a spiuMl of tiearly 80,000 
nfvoliitions i)er minut((. In actual ])ractiee the Hpe<'d ranges from 
30,000 revolutions per minute in tho STualler tiurbines to 9000 
revolutions per niimito in tho larger ones. Such an enormous 
velocity, cannot be applied directly to any machine, and the 
power has to be transmitted through toothed gearing. 

* Coaiiiaro the Pelton wheel, p. 3, wliifth is a« "litiimlsH" water tiirhliie. 
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Prom what has been said about vibration and balancing on 
pp. 45—6 it will be clear that this turbine brings into play a series 
of problems from which the reciprocating engine is relatively 
free. The centrifugal force in the wheel causes great stresses, 
which tend to burst it, and the best possible material must be 
used* Moreover, no amount of care can result in an accuracy 
of workmanship that will give perfect balance, and the tiniest 
fraction becomes serious at these high speeds. Some com- 
pensation has therefore to be sought which will make such small 
inaccuracies as arc unavoidable free from danger ; and this 
has been found in an interesting property of rotating shafts. 
If a thin spindle is turned at a gradually increasing speed it 
begins to bend and whirl instead of rotating in a straight line. 
This is most marked at one particular speed, wliich depends 
upon the length and stiftness of tlic shaft. At higher speeds than 
this the shaft stops vibrating and settles down to steady motion. 
This is nmeh the same as a top, going to sleep, at a high speed. 
The reader will observe in Pig. 33 that the wlieel is mounted on a 
relatively thin shaft, and this is of stich dimensions^ that the 
“ critical speed ” at which the gi‘catcst whirling takes place is 
below that at which the turbine is designed to run. The case con- 
taining the wheel allows a little play, so that the turbine can be 
run up to its steady condition without the vanes being torn ofi. 

A large turbine driving two dynamos is shown in Pig. 35. The 
stnall hand-wheels roxind tlic turbine case on the right enable the 
steam to bo shut oft from any one of the no7.zlos independently 
of the otlu^.rs, so i^hat no more steam may be used than is necessary. 
A and B are iioothed wheels mounted on the dynamo shafts and 
driven by tlic long toothed wliccl of small diameter on the turbine 
shaft between them. Tho upper half of the dynamo casing as 
well as that of the gears is removed to make the arrangement 
clean'.r. 

While de LavaVs turbine has been described first on the ground 
of its sitnj)Ii<nty, it was Iat<‘.r in point of time, than the one wliich 
is now to be (considered. The Hon. 0. A. Parsons filed his first 
patent of a reaction turbine in 1884, and in 1885 a machine was 
constructed which, though rotating at 18,000 revolutions per 
minute^ gave great satisfaction. In its moclccni form it consists 
of a drum ui)on the outer surface of which are fixed circular rows 
of blades differing in sbajie from those useed by dc Laval. The 

* Only 1 inch for 5 and 1 J inchea for 300 horso-iuAVCi. 
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casing in which the drum is enclosed also carries rings of blades, 
which fit between successive rings on the drum. The shape of 
the blades and their appearance on the drum ate shown in 
Figs. 36 and 38, while Fig. 37 shows the fitter fixing them in 
place. Steam enters the fii’st ring of fixed blades and is directed 
by them upon the first ring of moving blades at tlie proper angle. 
The drum is not parallel, and successive rings of blades increase 
in diameter from one end to the other. The steam therefore 
has more space as it goes through the turbine, and the whole 
of the expansion takes place as it is passing through the blades. 
(It will be remembered that in the do Laval inachino the ex- 
pansion occurs in the nozzle before the blades are reached.) 
The practical consequence of this difference is that the velocity 
of the steam is split uj) into a number of stages and the “ reaction 
turbine ” as it is called rotates at lower speeds than the impulse 
turbine. The steam, in ])assing from «‘.nd to end, is deflected 
alternately by the fixed and moving l)hides, and in its sinuous 
path it “ elbows ” the latter out of the way, thus exercising 
a rotative force on the drum. 

From tlnise two fundamental types s('V(^ral forms have been 
evolved. The Rateau turbine, for examph', is an impulse turbine 
with a number of discs on one slmft. Each d isc lias its own casing 
and the stwim operates on (jach discs in su(!C(‘ssion. Some 
turbines again have both a disc and a drum. Ku|)erh(‘ate(l steam 
acts on the disc, and is then fuctlier expanch^d through tint drum 
blades. 

While the turbine can be used for any purpose if s c-hief value 
is for driving dynamos, and for marine propulsion, fn tlu< former 
case its high speed and uniformity of running render it particu- 
larly suitable, and most central stations using steam power 
havcj turbines for at least j)att of their ecpiipmeut. 

But ccpial headway has been made in its ai)plieation to marine 
propulsion, especially for fast passenger vesseds and warships. 
Out of 1,500,000 horse-power (engines which are now under 
construction, onc-third is in the form of tiirbiiu's. The chied 
disadvantage is the high sjxued at which they run. It was soon 
found that a propeller of ordinary size produced cavithes and 
did not get a grip on the water, and smaller omes of speeciial 
design had to bo devised. Within the past two or thnee years 
an attempt has been made U) adapt the turbine to slower cargo 
vessels by connecting it with the proiKdler-shaft through gearing ; 
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and gearing has now been made which not only produces very 
little noise, but which actually transmits 98J per cent of the 
power given to it. 

A new method, however, has arisen which promises to increase 
still further the usefulness of the rotary engine. A turbine will 
work very efficiently with low-pressure steam, ^ especially if 
provided with a good condenser, from which the air is effectually 
pumped out. Air-pumps have been very much improved in 
recent years. A turbine is therefore combined with a compound 
reciprocating engine, and fed with exhaust steam from the latter. 
In actual practice this plan has been found to save from 12 per 
cent to 15 per cent of fuel, and on a long voyage this is an 
important consideration. The White Star Liner Oh/mpio and 
the cruiser Bristol are equipped in this way. 

Perhaps the most serious disadvantage of the turbine from the 
point of view of marine propulsion is that it will only nm in one 
direction. It will not reverse. In order to meet this diffioulty 
duplicate turbines have to be fitted to run astern, and this 
increases the first cost and takes up valuable space in the engine- 
room. The most easily reversible source of power is the electro- 
motor, and osperimouts are now being made with a combined 
turbine and clcoirical drive in which the former will always 
run in the same direction, and the change from ahead to astern 
is effected merely by switching over the current to the motors 
on the screw-shaft. In other words, the ship is to bo electrically 
driven, and to carry its own generating station. Another form 
of drive, devised by Eottingor, is described on p. 281. 

Among the many advantages that are claimed for turbines 
over reciprocating engines are simplicity, decrease in first cost 
and upkeep, a reduction in weight and a saving of space. So 
far as weiglit and space arc concerned even the most hostile 
critic would agree. The turbine represents in full measure 
the achievement of a period in which the most remarkable con- 
centration of high powers in a small space has been attained. 
Then again, outwardly at any rate, there is less complication 
even than in the modern enclosed vertical engine. But, internally, 
the thousands of fragile blades and the massive disc or drum 
weighing several tons offer a curious contrast, and the blades 
more particularly suggest clockwork or a musical box. They 

* 'Die aliHenflo of ports tlie stotuu a free exit, and the “ back-pnissuro ” 
is reduced witli loss iiower from the xmmps. 
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represent a source of weakness. Eunning at high speeds in close 
proximity, a very little shock or a rise in temperature of the 
superheated steam may bring them into contact, and an engine 
making a thousand revolutions a minute may have most of its 
blades ripped out in less than a twentieth of a second. The 
turbine does its work quickly and may accomplish its own 
destruction with no more delay. It is rumoured, in spite of 
denials, that on a recent oceasion a large liner fitted with turbine 
machinery narrowly escaped collision. The captain signalled 
full speed astern ; the euginoor had no course but to obey ; the 
moving giant was pulled up in the nick of time, and the bill for 
rojiairs came to nearly £300,000 ! 

Eor sizes above 200 fo 300 horse-power the turbine uses less 
steam fhan reciprocating engines, and this leads to an economy 
of fiu'l. The amount of rubbing surface is smaller, no oil is 
required in the steam space, and the pure condensed al;c’am saves 
trouble witli the boilers. They are easily governed and luaintaiu 
constant speed. 

To sum up, progress in the develojunent of the steam-engine 
during tlie last thirty years has been a scries of individually small 
aohievenumts — ^liighcsr pressures, higher f.omperatures, higher 
sp(HMla. Tlu'so have been obtained by fonu'd draft, supctrlu^ating, 
and foKtcul lubrioalion, and they have led to economy of fuel, 
water, and space. In addition tlu're has be<'n one big stiq) repre- 
sentecl by the steam turbine, and at the back of all a gnfater 
variety of workshoj) proceAses, and a wider choice of more reliable 
ma1'<u‘ials. The modc’rn steam-engine is a t hing of beauty if not 
of high ellieiency. No one. can watich the to-and-fro inothui of 
the cross-head of a nw.iprocating engine, or listen to the, faint 
purr of the t urbine, without realising somet.hing of the murvcdlotis 
elaHt.ieit,y of Ht.eam, and wondering why its vahui was not 
recognis(‘.d in tin*, days when the world was young. 


OIFAETKE IV 

(iAH, I’BTaon, AN!) Olh T0N(,!INK.S 

b’ yon have (>ver heard a gas-engimi work you will know t.hat it 
has a eoiigli, and the more regularly and strongly it coughs, the 
better it is working. 
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Tliroughout tho lirHt half of Iasi conlury, a muubtir of men 
spent their lives trying to make an engine wliich would work 
by burning a mixture of gas and air beliind a pistoji, but none 
of them really succeeded until 1860. In that j'ear Lenoir, a 
Frenchman, designed an engine which would work, and of 
those a number was sold. His trhimph was shortlived, liowovcr, 
for in 1876 Dr. Otto patented an engine Oiat is tho j)arcut of 
the gas-engine of to-day. 

Very few of these early inventors knew ipiite what t.hoy 
wanted, and they had only vague ideas as to the method of 
obtaining it. Hut though they were unsuccessful, tliey j)avcd 
the way for others, and dosigiunl many of (.he features which 
wore utilised by those who followed them. As results of (.heir 
work, combined with improvements in tlio manufact.uro of stool, 
are the modern submarine boat, tlio motor-cjir, and the aeroplane 
engine it will bo worth while to enquire wliy tht'. gas-engine has 
developed and how it works. 

Tho soiuco of power in any heat-engine is the fuel. Tho 
greater tho amount of heat produced by (.he fuel that is used 
in tho ongino, and tlie less that is allowed l.o escape from it, 
tho more eliicient does th(^ engine Ixwonui. In tho ordinary 
steam-engine tlio heat jModuced by the burning coal is very 
largely wasted. Homo of it goes up the cliinmey, some*, of it is 
radiated from tho large surface of (.lie boiler and sticain pipes. It 
is clear that if the fire could be made, to burn imida t he cylinder, 
loss licat would bo able to got away until it liad done the work 
required of it. But there is another advantage. No solid or 
liquid fuel can bm-n so readily and so coniplettdy as a gas, which 
can bo intimately mixed with exactly tlu' amount of air re- 
quired for its combustion. Ho wliat inventors have aimed at 
is to products an engine in which the heat shall Ik^ liberated 
inside the cylinder, and in which the eombust iou is as regular 
and perfect as can be. 

A skeleton diagram of a gtw-engiue is given in Ifig. .‘19. Suppose 
t.he 2 )iHton is in the position shown in top figurt'. As it. mov('.s 
outward the valv<‘. ({■ opens and a<lmi(s gas, wjiile the. valve A 
ojtens and admits air. In this way the eylindt'r is filled with the 
mixed gases, atul if (.he valvtw have been prop('rIy designed t his 
mixture will bo that which gives the best results on combUH(.ion. 
Tho next stroke of tho piston compnm's the mixt.ure. As it 
roaches tho cud and is about to return, the charge is ignited 
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by means to bo described later, and tbe explosion forces the 
piston outwards. When it returns the exhaust valve opens and 
the products of combustion are swept out of the cylinder. 

This scries of operations is repeated every two revolutions of 
the crank, and is called the Otto Cycle. The engine is only 
single-acting — ^tho piston is pushed towards the crank, and, as 
the fly-wheel turns, the crank pushes the piston back again in a 
sort of “ you push me and ITl push you ” spirit. But the crank 
gives two pushes and one pull to the piston’s one push, so that 
for one-quarter of the time the piston drives the crank, and for 
thrcc-qiuirters of the time the cranlc drives the piston. If there 
were no fly-wheel the crank-shaft would move very rapidly for 
one half-turn, and then stop. But the fly-wheel, once it has 
started rotating, takes some time to come to rest, so that it 
carries the crank-shaft round twice, by which time there is a 
fresh charge of gas and air in the cylinder, and the piston receives 
another impulse. An engine of this kind is sometimes called a 
four-stroke engine, because only one stroke in four is a driving 
stroke, and a foiur-stroko engine must have a heavy fly-wheel 
to equalise the motion. 

It will bo observed that the piston is unlike that generally 
used in a stoam-engino. There is no need for a cylinder cover 
in front, and a bucket-piston is employed. When the piston 
makes its driving stroke it produces a good deal of pressure on 
the cylinder walls, and this fonu distributes the pressure over a 
wider area. 

The valves are of the " mushroom ” type, and are kept on 
their Beatings by springs. They are opened just at the right 
moment by cams fixed on a shaft which rotates at half the speed 
of the crank-shaft, and tlicreforc opens each valve once every 
two revolutiouH. These statcnients will bo clear from a study of 
Eigs. 40 and 41, and which illustrate one of Messrs. Grossloy 
Brothers’ well-known engines of moderate size. 

There are two methods of igniting the explosive mixture — a 
tube or chamber koj)t hot by a lamp, and an ebictric spark. 
The former is gradually giving way for largo engines before the 
electrical method, which has been improved and tendered more 
reliable in recent years. In the hot-tube method, a narrow title 
is kept hot by an external flame, and the explosive mixture is 
momentarily admitted to it by a valve. Electric ignition will be 
dealt with on pp. 03-4. All engines — steam, gas, or oil — ^are 




Fig. 41. Section of a Modern Gas-Engine. 
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constructed to run at a certain speed. If the machinery they are 
intended to drive is more or less idle (i.c. if the “ load ” is taken 
off or reduced), they run away, or “ race,” and some form of 
governor is necessary to keep the speed as constant as possible. 
The steam-engine governor will be familiar. It cuts off steam 
when the speed exceeds a certain limit by means of a “ throttle ” 
valve. The gas-engine governor is similar in construction but 
acts by cutting off the gas supply entirely and causing a “ miss- 
fire ” — in which ease it is called a “ hit and miss ” governor — or by 
merely reducing the supply of gas and allqwing a weaker mixture 
to explode. The latter typo is displacing the former. 

There is one respect in which the internal-combustion engine 
differs from the steam-engine. The cylinders of the latter need 
to be kept hot to reduce steam condensation, and to this end the 
cylinders are often “jacketed” with steam. The ijitornal- 
combustion engine cylinder, on the otJicr hand, tends to become 
too hot, and tlie tcmporeituro has to bo kept clown by a water- 
jacket. Usually the water circulates round and round through 
tlio jackets and a cooler or radiator, the same water being used 
over and over again. 

The gas-engine was originally regarded evs suitable for small 
powers using town gas, which is rather an expensive fuel. Mr. 
J. Emerson Dowsoii in 1878 devised a complete plant for pro- 
ducing gas for factory and domestic purposes, and exliibited it at 
the York meeting of the Hritish Association in 1881, when it 
drove for the first time a 3 hor8e-j)owor Otto gas-engine. At 
that time no engine greater than 20 horse-power was worldng. 
The idea of using blaslrfurnaco gases or gases from coke ovens 
arose in the early ’nineties. The fact that the waste gases of the 
blast fui'naceis in the United Kingdom alone are capable if 'used 
in gas-engines of producing 750,000 horse-power, is in itself 
sufficient to attract attemtion. The result has been a regular 
and continuous inereuse in sixes »<> that gas-engines of 1000 
horse-power are cpiilie common in England, on the Continent, 
and in th(>. United States. 

Many of these large engines are double-acting, two-slroke- 
cngincs, and this involves an interesting modification. In the 
ordinary four-stirokc engine the biucnt gases are not entirely 
expelled during exhaust, because there must always be room 
at the baok of tJie }>iston into which the fresh charge can be 
compressed. Their presenoe is uicdesirable in any case, and in 
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a two-stroke ongiao they must bo cleared out at the end of the 
explosion stroke. In other worils, the cycle must bo (explosion 
stroke — compression stroke, and tlic exhaust and admission 
take place between these two. 

The plan therefore is to have exhaust ports (no valves arc 
necessary, though they may be used) in the side of the cylinder, 
which are uncovered by the piston just before, the eiul of the 
explosion stroke. At this moment a charge of compressed air 
enters the, cylinder through a valve, 8wee])s oul, the burnt gases, 
and provides the air necessary for the compression st roke. This 
blowing-out of the burnt gases is calleil “ scavenging.” ^'he plan 
was proposed by Dugald Clerk as long ago as 1881, but it, was 
left for Koerting to apply it to largo gas-engines on the Continent 
in recent years. 

The earlier gas-engines of large size wc'.re made with one 
cylinder, the horizontal form being rot-ained. I'jjiter they wore 
constructed with two cylinders side by side in England, while 
continental engineers showed a preference for placing one 
cylinder behind the otlior, so that the t,wo were in tandem. 'I’he 
tendency for steam-onginos to be built v('.rtic.ally has spread to 
the gas-ongino, and vortical engines with pairs of cylinders iti 
tandem are advocated by many Anns, 'riie, object, i<»n to very 
large engines with sitigle cylinders is the lu^cuissity of keeping 
the piston cool by cirevdating water through it.. 

TItK KXPLOSION PirMP 

The reader will recall how the steam-turbine dispeuMos with 
all the moving parts of a reciprocating steam-engine except 
those wliioh rotate, and ho will now bo prepared to hear of a 
marvellously simple modiAcation of t.he gas-engine. In the 
explosion pump invented by Mr. H. A. Jluitiphrey, there is no 
piston or oonneotmg-rod, no crank or Ay-wheel, and only the 
simplest possible mechanism e,outrolling the valv(>s. 

Let us suppose that, a (piantit.y of wat er is coiitaiix'd in a wide 
U-tubc shown in Fig. 42. Itairbeforc<«l into tli<\ limb A, t he water 
in that limb will bo depressed and t.he wnt.er in the otJier limb H 
must rise as in Fig. 43. On removing the pressure, the waU'r will 
flow back until t.ho height in A is v('.ry nearly equal to that at 
which it stood in B, the diflc'rencc in height being duo to friction. 
Tills to-and-fro movement, or oscillation, will go on for some 
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time, tlie height attained at each swing gradually decreasing. 
But the time taken for each oscillation will bo the same or very 
nearly so. The smaller displacement of the water in the first 
instance the more miiform will the time of the swing be. It 
depends in any case upon the quantity of water, and can easily 
be calculated. 

Once the water has begun to swing a very slight impulse at 
the right moment will suffice to keep up the movement. If 
therefore the end A (Eig. 42) is closed and an explosion of gas and 
air can be arranged at the moment when the water reaches its 

A B A B 



Pig. 42. Pig. 43. 

DIAOKAMS to KXI-IjAIN ACTtON OK nVMWniBV 


highest point in that limb, the water can bo kept oscillating for 
as long as tlio explosions arc mamtained. This is the principle 
upon which the Ilumphro.y pump works, in Eig. 44 the pipe in 
whidi the water oscillates, called the play-pipe, is made of cast- 
iron. It is about 0 feet diameter, and the horizontal portion is 
about CO foot long. The right limb is open and fmmel-shaped, 
and it has a discharge pipe through which water can flow into 
the reservoir. The left-hand limb is closed by the cylinder, 
and is built into a well or pit supplied with the water to bo lEtcd. 
The pump is 7 foot diameter and 10 feet long. Round the upper 
end arc placed two sets of valves for the admission of gas and 
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air, while lower down is a valve opening inwards which admits 
water. At the top is the exhaust valve. When an explosion 
takes place the water in the play-pipe is forced forward ; it 
rises in the water tower and overflows into the reservoir. Once 
such a body of water has been sot in motion it continues to 
move after the exploded gases have fallen below atmospheric 
prcssiurc, and water enters the pump from the pit, replacing in 
the play-pipe that which has boon lost from the discharge pipe. 
The water in the play-j)i])e then comes back into the pump and 
forc/os the waste gases through the exhaust valves. Having 
cnocted iihis, it flows a second time towards the water tower, 
creating a vacuum in the cylinder and drawing in a fresh charge 
of gas and air. The return of the water compresses the mixture. 



which is ignited at tlu' [iroper moment, and forces the water into 
the tower. 

All the valves are held lightly to frlunr seatings by springs. 
Tiny open and close autiomatieally in ol)edien<Hi to clianges of 
pressure in the cylinder, and when not. reytiired lio he in action 
they are locked by tins operation of a small water motor. It 
will be observex,! that tin*, strokes are not <'(inal in hnigtli. That 
du(* to the explosion is a long one., and that which Hweejw otit 
the waste gases is lotige.r still. Itut the eliarging and <10111- 
pression strokes are botih sliorti ones. In the ordinary gas- 
engine the strokes are all eipuvl. In the Humphrey pump each 
one is of a length appropriate to and deteriniimd by the duty it 
is required to perform. 

Sinh a pump jus has been (hnscribed will deliver from 12 to 14 
tons of wjit(‘r per stroke. Those erecUsl at Chingford for raising 
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water from the River Lea are five in number, four of them capable 
of delivering 40,000,000 gallons and one 20,000,000 gallons of 
water through a height of 25 to 30 feet every twenty-four hours. 

Explosion pumps can be made double-barrelled, and be 
adapted to give an impulse every two strokes. They can be 
used as air compressors, in which the moving water acts as a 
piston, and experiments are now in progress to apply them to 
the propulsion of ships. They are simple in construction and 
therefore low in first cost, require no lubrication, are economical 
in working, with probably an assured future for large pumping 
stations ; and if the practical di£Q.oulties which attend their 
application to other piuposes can be overcome, they are boxmd 
to exercise a very considerable influence in the production of 
power. But in any case they involve a new principle and stand 
out as one of the most remarkable recent engineering inven- 
tions in the world. 


PBTBOI^ENCIINES 

The earlier inventors who struggled with the problem of the 
gas-engine were not unaware that the substance used in an 
internal-combustion engine might be supplied in a liquid form, 
and several of their patents claimed the right to use paraffin or 
some similar substance in their engines. But it was left for 
Daimler, who had been for ten years manager of Dr. Otto’s gas- 
engine works, to invent the first practical light oil-engine, and 
his original motor was produced in 1886. Since then there have 
been many forms differing mainly in detail, but all, until quite 
recently, working on the four-stroke cycle described on pp. 57-8. 
While peirol is the fuel which has been found most satisfactory, 
others such as benzml are sometimes used, and many attempts 
have been made to burn alcohol, which, were it not for the heavy 
duty, would be a cheap and serviceable fuel. The liquid is 
sprayed into the cylinder or combustion chamber and ignites 
at the moment when the compression has reached its highest 
point. The cylinder has to be cooled with water or air. If it is 
freely exposed, as in the case of a motor-cycle engine, the body 
has thin fins externally which offi^r a large cooling surface and 
water need not be used. With single-cylinder engines a fly-wheel 
is required to overcome the jorkinoss of action, but with several 
cylinders and cranks sot at angles one with another the motion 



62 


DISCOVERIES AND INVENTIONS 


can be equalised, and the weight of a fly-wheel can bo saved. 
Apart from variations in general arrangement to suit the con- 
ditions under which it will have to work, the chief lines of develop- 
ment have been in carburettors and ignition devices. 

The carburettor, Eig. 46, is a device for mixing the petrol vapour 
with air, or, to put it in another way, for mixing with the air the 
right quantity of petrol vapour for the most complete combustion. 
There are many forms, but those most frequently met with have 
a chamber provided with a float, tlio rise and fall of which regu- 
lates the amount of petrol flowing from the iank. The petrol 
thou caters a second chamber, into which it i.s drawn by the 

I 

0 

E 



suction of the engine, through a Ibie jet which conv(*rlH it into 
spray and facilHates an intimate mixture with air. The air 
enters freely through an open pipe, which ju'i'iniis sullicient to 
pass for complete combustion under ordinary oouditions of 
working ; an additional valve permits ot a furllu'r supply when 
the engine is working at high speed. 

In the earlier forms of potroknigine tlio exploHiv(i mixture 
was ignited by a hot tube of nickel or platinum, no valve being 
used. In this case the tube tended to rcnuiin }«irtly full of the 
waste gases of combustion, and ignition was i(lT<*ci.cd wlum ihe 
return of the piston compressed the now explosive mixlure into 
the tube. 
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The survival of the hot tube in both gas and petrol-engines for 
so many years was duo to tlio ineffectiveness of the apparatus for 
producing an electric spark. Two forms have been used, the 
low tension and the high tension. 

The former was invariably produced 
by a small dynamo called a magneto, 
driven from the crank-shaft ; the 
latter from a specially constructed 
magneto or an induction coil. Q’he 
electricity is led into the cylinder 
tlirough the sparking-plug, at the 
inner end of which two metal points 
connected with the wires wore sep- 
arated by the gap in which the spark 
was formed. One of the best modern 

typos of plug is shown in Fig. 40. It ^ y diaoium Snowi.va 
will be observed that the spark can pinKciru! of Louub Sfakk. 






64 


DISCOVEEIES AND INVENTIONS 


take place between the central rod and any one ef the three 
points surrounding it. 

The chief difficulty hitherto has been the choking up of the 
plug with oil and dirt, so that the electricity took the easier 



Ki". 48. SuCTtON IIK LiiDOK IcsNlTKIt TvI'K a 
HIKIWINO TllK (JtlNHTllimTKlN. 


jmtli and avoided jumping the gap. 'I’hiH defed. has been 
(tvcrconio in a very ingerdouH way by Kir Oliver Lodge, who 
employs a special kind of spark. The currenl' produced by an 
ordinary magneto machine or an indndion coil inerely jtunps 
across the gap in one direction. It is Ihin, very little electric.ity 
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passes at once, and the Leating effect is small. But if the ter- 
minals between which the spark passes are connected up with 
some arrangement in which the electricity can be stored, a larger 
quantity will then pass at once, the spark will be fatter, hotter, 
alternating, disruptive, and therefore capable of clearing dirt out 
of the way. In Lodge’s apparatus the current is supplied by 
an accumulator to an induction coil, the ternoinals of which are 
connected to the inner coating of a Leyden jar. The outer 
coating of the jar is connected with the sparking-plug. Fig. 47 
shows diagrammatically the arrangement,^ and Fig. 48 a section 
of the actual instrument. In Fig. 47 the two balls at A are 
adjusted so that the electricity flows into the jars until they 
become, as it were, full, when they suddenly empty across 
the gap. At the same moment a discharge takes place at the 
sparking-plug. The spark lasts no longer than a millionth of a 
second, and so violent is it that water, oil, or dirt, though offering 
an easier path, do not deflect it. A spark can be obtained even 
when the plug is immersed in water. 

The spark is timed by a cam motion. For engines with more 
than one cylinder a distributor must bo employed, so that the 
explosion bx each cylinder may bo timed to take place at 
the right moment. This consists generally of a rotating 
disc witli a metal stud, which makes contact with fixed studs 
in turn. 

The petrol-engine is par excellence the engine for small powers, 
and it attracted attention from the first by reason of its extreme 
lif^tncss. Apart, therefore, from its widespread employment 
for driving small maoliines, it is in locomotion — on rail and 
road, on sea, and throxx^ the air — ^that it has shown its 
greatest value. For these purposes it assumes varying forms, 
a few of which wo are able by the courtesy of the makers to 
illustrate here. Fig. 49 is a 20 horse-power Wolseley engine for 
a motor-car. Two of the cylinders are shown in section, and 
this, together with the lettering and list of parts, will enable the 
(‘.oustruction and arrangexncnt to be fallowed withoxxt difficulty. 
The fan on the right is for the purpose of drawing ait through 
the coils of the radiator in which the water from the cylinder 
jackets is cooled. Another intorestmg type has the cylinders 
placed in pairs, each inclined equally to the vertical as in Fig. 50. 
This is a marine type of motor, and the method of construction 
X Two Loydeu jars are shown hare. In practice only one is used. 
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economises both space and wei^t : on that account it has also 
been adopted for aeroplanes. 

In the earlier petrol-engines the valves wore almost universally 
of the poppet type or mushroom shaped, and it is almost im- 
possible to avoid a certain amoimt of noise when these are rising 
and falling nearly a thousand times a minute. Several engines 
have been designed, however, in which the ports are opened and 
closed by a sliding motion which is perfectly silent in action. 
One of the most interesting is the Argyll Single Sleeve engine, 
a beautiful section of which is shown in Fig. 61. A thin sleeve or 
tube pierced with holes corresponding to the })ort8 is fitted 
between the piston and the cylinder. By means of toothed 
gearing and a small crank, this is caused to move up and down, 
and abo to rotate, so that at the riglit moment the inlet or 
exhaust port is rmcovered. The rotating motion renders it 
possible to use one sleeve only, and reduces the power that would 
be required merely to push the sleeve up and down between 
the surfaces. 

One of the most remarkable engines yet designed is the Gnome, 
an external view of which is shown in Fig. 62. Tluu'c ate seven 
cylinders rigidly connected togetlier and having pistons which 
operate on the same crank. The crank-slLalt is fixed and the 
cylinders rotate on ball-bearings round it. The exliaust valve 
is placed at the end of each cylinder and is operated by a rod 
and lover worked from the main-shaft. Petrol and air are mixed 
in the carburettor and enter the space in the middle of the 
casing which contains the crank. Each cylinder receives its 
charge through a valve in tho piston. The bearings and crank are 
oiled by forced lubrication. 

This engine is extraordinarily light. Tho 100 liorst^power size 
is the lightest yet made, and weighs only 220 lbs. or 2<2 lbs. fur each 
horse-power developed. Tho cylinders with their fins are bored 
out of solid forged steel and ate only J-inch thick ; and tho other 
parts are as light as it is possible to make them. Tho rotaung 
cylinders act as a fly-wheel and give great stoudiness of motion, 
while the rapid rotation through tho air — 1000-1200 revolutions 
per minute — ^kcep them cool. In fact, it is a moot point whether 
they are not in this way kept too cool for tho hij^ost efficiency 
of working. 

Considerable improvements Ixave been made in this engine 
since 1912, and it is now known as a monosoupape engine. Ah 
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this name implies, the poppet-valve in the piston for admission 
of air and petrol has been abandoned, a series of ports, which 
are uncovered at the necessary moment by the piston, taking 
its place. At the conclusion of the exhaust-stroke the valve 
permitting the expulsion of the burnt gases remains open 
sufficiently long for pure air to bo sucked in on the downward 
stroke of the piston. The fuel is then admitted towards the 
end of the stroke, through the orifices provided, in the form of 
a very rich mixture with ait. Since this air merely serves as a 
“ vehicle ” for the petrol, a pump must be employed to force 
the latter from the tank. The air admitted by the exhaust 
ports serves very effectively as a means of cooling. Another 
valuable feature rests in the fact that the supply of petrol can 
be tlirottled down until the engine makes only 200 revolutions 
per minute, thus allowing for a variation in speed, which is 
essential in aeroplanes engaged in military observations. 

MEDIUM AMD HEAVY OIL-EMQIMES 

The cost of light oil — ^petrol or gasoline — ^led to the attempt to 
design engines which would burn a cheaper fuel, and Priestman, 
of Hull, put such a one on the market in 1888. This used a 
medium oil of specific gravity about 0‘8. It was followed in the 
early nineties by the Hornsby-Ackroyd engine, which involved a 
now principle of ignition. The chamber into which the gases 
were compressed was heated at first by a lamp, and the com- 
pression raised the temperature to such a degree that the D3ixture 
exploded. This chamber had a number of thin vanes on its 
inner surface which aided the passage of the heat from the 
metal to the mixed gases, and, after the chamber once became 
hot, successive explosions maintained the temperature, so that 
the heat of compression added to the heat of the chamber ignited 
the charge. 

When gas-engines were first introduced they were of small 
size, and the cost of town gas prevented their entering into com- 
petition with steam-engines of large size. The use of cheap 
blast furnace gas, and of producer gas of which the by-products 
reduced the cost of the fuel, immediately made gas-engines 
serious rivals to steam-engines for use on land. Similarly both 
the petrol and medium oil-engine, though suitable for marine as 
well as land use, remained of small size owing to the cost of oil. 
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History has now repeated itself, and an engine capable of using 
crude petroleum residues has once again revolutionised the 
production of power — ^this time both on land and sea. 

The achievement is duo to Dr. Kudolph Diesel, whose long 
series of experiments resulted in the design of an engine which 
has been one of the remarkable engineering successes of the 
past twelve years. It was fii’st exhibited at the Paris Exhibition 
of 1900. Three years later an 80 horse-power engine was shown 
at Diisseldorf, but there was nothing to indicate that it would 
shortly enter the field of large powers, and invade the domain of 
marine propulsion. At Li6go in 1905, however, an engine of 
500 horse-power was shown, and by 1908 engines of 1000 horse- 
power were ninning. To-day engines of 1500-2000 horse-power 
per cylinder are being constructed by a dozen firms in England 
and on the Continent. 

Hero is an engine requhing no boilers, capable of working 
with the cheapest oil fuel, which is easily stored, and occupies 
far less space than an equivalent amount of coal, and capable of 
imdertaldng the heaviest duty that modem manufacture and 
transport impose. It is stated in Qassier’s Magazine (Special 
oil power number, 1911, p. 151) tliat it Diesel engines of 
1500 horse-power per cylinder were installed in the Mauretania 
the 70,000 horse-power of that vessel could bo produced in one- 
fifth of the space occupied by the boilers and turbines. The 
need for coal trimming and stoking would be abolished ; it 
would bo possible to dispense with 192 stokers and 120 trimmers, 
or 312 men, whoso wages amount to nearly £4.0,000 a year. 
With an equal weight of fuel it would bo possible to steam four 
times the distance without taking in a fresh supply. The steam 
engineer would, however, say that there is another side to the 
question. 

Before considering the construction of the Diesel engine it 
will be interesting to examine the princijjlo upon which it is 
based. The ciTioicncy of an intomal-combustion engine depends 
largely upon the degree of compression. But it will bo recol- 
lected that when the compressiou of a mixture of oil or gas and 
air roaches a certain point ignition takes place, and tliere is 
therefore a limit to the compression that can be employed. If, 
for example, the compression in the Ilornsby-Ackroyd (fiigino 
liad been so high as to cause fhc explosion before the eomj)r('ssion 
stroke was complet(‘.d, the engine would have stopped or reversed. 
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In. the Diesel engine the oil is not admitted until the end of 
the compression stroke. It is then forced in at higher pressure, 
and, coming into contact with the hot, compressed air — air at 
a much higher temperature than is required for ignition — ^it 
burns regularly, rapidly, and completely, A crude oil which 
would not burn under ordinary conditions is completely con- 
sumed, and it is said that even coal-dust could be used. There 
is no explosion, and, though very high pressvues are used, the 
sudden and rapid alterations of pressure, characteristic of engines 
hitherto coivsidored, are avoided. 

The Diesel engine originally followed the gas-engine in having 
one impulse to every two revolutions, but it is now made 
to act with an impulso to every revolution. The method of 
securing this is very similar to that adopted for the two-stroke 
gas-engine described on page 68 ; the spent gases escape from 
ports in the middle of the cylinder body which are uncovered 
by the piston in its outward stroke. A quantity of compressed 
air admitted just before the end of the stroke scavenges the 
cylinder and provides the air necessary for the next charge. 
A third typo is made which is double-acting, transmitting an 
impulse to the crank twice in every revolution. The trunk 
piston is in this case abolished, a cover is fitted to the front end 
of the cylinder, and the piston-rod operates the crank through 
a ctosshead and coimocting rod exactly in the same way as in 
a steam-engine, to which, indeed, it is very similar. A good 
example is shown in Eig. 63. It is of interest to note here that 
many firms now construct what is known as a semi-Diesel engine, 
which differs from the real Diesel engine mainly in the lower 
pressures employed. Thus while the latter compresses up to 
600 lbs. in the square inch, the former employs a pressure of only 
350 lbs. per square inch. These engines possess the advantage 
that. they will bum the heaviest grades of oil and, while not 
rivalling the Diesel engine in efficiency, they are more manage- 
able. A section through the combustion cliambet of an engine 
of this type is shown in Eig. 64. This indicates the way in 
which the governor controls the oil supply by opening and 
closing an overflow valve. 

In reviewing the internal-combustion engine it will bo seen 
that its uses range over the whole field for which power is 
required. The small oil or petrol engine is admirable for domestic 
purposes, such as driving a vacuum cleaner, or pumping water 
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and driving a dynamo to light a house that is far from a town 
supply. They cut chafi, mow the lawns, drive milk separators 
and churns, thresh com, in places and under circumstances where 
gas power is out of the question. Large stationary engines for 
pumping and driving factories are in competition with gas- 
engines using town gas or having their own producer plant. The 
crude-oil engine again is being used for electric light and power 
stations, for pumping in waterworks and docks, and for driving 
the machinery of factories and workshops. In iron and steel 
works, however, the vast supply of waste gases from the 
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blast furnaces and coke ovens is enabling the large gas-engiuo 
to hold the field. For the motor-car and the aeroplane the 
petrol-engine stands alone. Improvements in stetd mamifacturo 
have enabled it to bo made so light and yet so ixiwerful that 
within twenty years two new forms of locomotion have arisen 
— ^forms which have been dreamt of for a century, and have as 
yet only entered upon a vigorous infancy, in tliis progress die 
usual order of events are to bo observed. A new discov(ary or 
invention which ministers to comfort and convenience is at first 
available only for those who can afford the capital outlay which 
its possession involves. But sooner or later, according to the 
public service it can perform, this is brought by public supply 
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wititin the reach of all whoso needs outweigh their private 
resources. Thus the private motor-car has been followed by the 
commercial vehicle, the taxi, and the motor-bus. In the case 
of the aeroplane and the airship it is possible, as we shall see 
later, that a public service will anticipate any large development 
of private enterprise. 

In other forms of transport the internal-combustion engine 
is proving of equal value. The petrol-engine in launches is as 
old as the petrol-engine in motor-cars, and the cmplo 3 nnent of 
Diesel engines in large ships has already been foreshadowed. More- 
over, strenuous oJSorts arc being made to adopt the gas-engine 
for marine purposes. This obviously involves the installation of 
gas-producers on board ship, and at first sight the idea seems 
incongruous. A blazing furnace inside a boiler containing water 
is a fact to which everyone has become more or less accustomed; 
but a furnace cased with iron, lined with sand and fiire-brick, 
and full of red-hot coke is another matter. StiU, for reasons which 
will be apparent from the chapter on Coal and Petroleum, there 
is method in this madness. Coal-burning under steam boilers is 
a wasteful procass, and oil power requires not only an adequate 
supply of fuel, but the necessary depots at ports of call from 
which a fresh supply can be obtained. Moreover, its cost does 
not encourage its use except in high-speed passenger ships and 
in ships of war. The gas-engine, on the other hand, uses the same 
fuel as the steam-engine, and converts twice the quantity of 
available heat into useful work. It is not so efficient as the 
oil-engine, but it is much cheaper. 

There is one drawback to the use of many internal-combustion 
engines which they share with the steam turbine : they are not 
reversible. They can bo constructed to run in either toeotion, 
but not very well. In the motor-car, of course, the engine operates 
through gearing, and a change of gear gives a forward or back- 
ward motion. Hitherto there has been an objection to the use 
of gear for large powers on account of the waste of energy and 
the noise ; but in the last chapter it has been shown that these 
disadvantages have been largely overcome— at any rate so 
far as the transnussion of a 8000 or 10,000 horse-power is con- 
cerned. 

It is clear that since the engine is not reversible what is 
required is some form of transmitting device between the engine 
and the driving-shaft, which shall bo capable of having its 
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a tendency for the iron or steel to move into such a position that 
the greatest amount of magnetism is produced mthin it. 

When steel is once magnetised it retains more or less unim- 
Iron paired the properties which 

.. — — ^ ^ — it has acquired. Soft iron, 

/ / ' g. ^ ~ N N however, only possesses these 

I [ I ~ I ' ) properties so long as it rc- 

\V\\l mains in a magnetic field, 

•" iN acting in these circumstances 

\\ / / as a temporary magnet. At 

\ s / / the same time, since the 

'' ^ ^ ^ earth is a magnet, most 

varieties of iron or steel have 

Fig. 67. toLviiNOB OF A PiEOB OF some residuul magnetism. 
Soft Iron on a Maonbtio Field. Whenever therefore a piece 

of soft iron is placed in a magnetic held so that lines of force 
pass throng, it acquires temporary polarity at the points where the 
lines enter and leave the material The 
soft iron is then said to be magnetised 
by induction. The terms soft iron and ^ ^ 

steel have not now the significance that T ( t CC., )/' 
was implied twenty or thirty years ago. ^0 ^ y * 

Soft iron is a somewhat rare material, C 

and steel can now be obtained which ex- ^ ^ 

hibitsaverywidc range of “retontivity” ) 

or power of retaining magnetism, while ^ i ^ 

some iron alloys are even non-magnctic. 

Other substances thaniron and itsalloys / ^ ^ n'' \ 


/ ^ 

ir 

V \ 
s 


Fig. 57. iNi'LxrBNOB OF A Piece of 
Soft Iron on a Magnetic Field. 




Other substances thaniron and itsalloys t ^ 
are capable of being magnetised, but not \ \ 

f.rk ..nv-fTiiYirr lilr. -hfiA fla.YnA ATfAnf. ^ 


Os 


to anything like the same extent. ^ ^ O-S: ^ 

Now at this stage let it bo taken for 
granted that an electric current can be ( /V ^ 

produced and sent through a metal \ * 

wire. This wire must form part of a '' ^ 

continuouscircuit or loop ; if it be broken ^ 
at any point the current will cease to ( / )''i 

flow. It should bo covered witlv cotton, '' /' 
silk, rubber, or one of the many sub- '' ^ ::r 

stances which ofCer a large resistance to |~" 

the passage of electricity, for the latter Kg. .'is. Maonetic Fikld 
tends to cut across the shortest path. ^ Strakiht WtuB 

^ OAttRYIN(t A OtnillRNT. 
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All metals and water may be regarded as conductors, and most 
other materials such as paper, wood, oil, and those mentioned 
above as non-conductors or insulators, though all insulators 
will break down under a sufficiently high electric stress. 
Magnetic force, on the other hand, is exerted freely through all 
those bodies, the only ^ 

material which has any n. 

appreciable effect upon \ \ \ j j / / _ 

alloys. ' \ 

A wire carrying an / / A' ' 1 \ ' 

electric current possesses ' ( i ' m Vii | * Iv ‘ il '■ 1 ' ' 

the same properties as a ' t ^ ■ 1 1 1 • ' i»*\v J ' ' ' 

magnet, only in this case ' \ \ '* 1 * ! ! ' ^ 1 / 
the curves which repre- 's 

sent the direction of the ''-L-' / J i' \ '' — 

force are circles whoso / ' j 

pianos arc at right angles 1 \ \ ''' ^ 

to the dire^ion of the gg^ Maonbtio Fieud or a Sinqlb Com. 
ware, as m Fag. 68. If 

the wire is coiled into a ring. Fig. 69, then one face tends 
to turn towards the north and the other towards the south 

polo, so that the plane of the ring becomes east and west. 

If the wire is coiled in a spiral so as to form a number 
of rings side by side, then the whole coil acts like a long 
magnet, and if freely saaspended taams so that its axis points 
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Fig. 60. A Solenoid and itb Magnetic Field. 
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north, and south, Fig. 60. Such a coil or “solenoid ” is inoro power- 
ful with the same current if it is provided with a soft-iron rod or 
core, which gathers up and concentrates, as it were, the magnetic 
force inside the coil. The effect of such a coil decrpascs with 
distance, in the same way as a magnet. If the current is in- 
creased the rings may bo supposed to expand outwards, and if 
it is decreased or stopped they may bo regarded as closing up 
until they disappear into the wire from which, apparently, they 
emerged. 

The wire carrying a current is, in fact, surrounded by a mag- 
netic field, and a small freely suspended magnet brought near 
to it tends to sot itself at right angles to Ihe wire. A galvauo- 
scope or galvanometer consists of a coil of wire above or below 
or within which hangs a small magnetic needle. Each turn of 
the coil produces its own field and contributes its own force to 
turn the needle at right angles to the plane of the coil. If the 
current is reversed the movement of tlu', nowllc is reversed, and 
it the coils arc largo and circular, and the needle small, an exact 
measurement of the force exerted can bo made. This i Magnetic 
effect in turn affords a means of calculating the strength of the 
current in the coil. 

THE MBASUREMENT OF KmCmUOI'l'Y 

Just as it is impossible to obtain any clear uh'a al>out steam- 
engines without speaking of temperature and j>r(‘8Bure, so it is 
necessary to describe an electric current in deiiiiitc terms. The 
strength of the current, whicJi govtirns the magnetic ellect, is 
measured by the quantity of electricity which Ibtws tlirough any 
cross-section of the wire per unit of time,* and it is convenient 
to suppose that there is some force Umding to drive (>l(‘.ctrieity 
through the wire. This force is called ck'dro-niotiw jmee, or 
e.m.f., and is measured in voUs, so culled after tlu^ famous Italian 
pliysicist Volta. Difleront substances offer diffc'rent degrees of 
res'isUmce to the passage of olectricitiy, utid tJie resistanc'e is 
moasui’cd in units called Ohmjs, after anotJier of t.h(' early workers. 
The strength of the current produced by an electro-motive force 
of 1 volt acting through a resistance of 1 ohm is calle.d 1 amiKtre, 
after a celebrated Frenchman. If E is the number of volts, (J 

’ Tlio term ‘‘quantity’’ of olcctriuily will aciiuira a cUtariT uKittuiiiif al'tiT 
reading Ohuptor XX. 
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the number of amperes, and R the number of ohms resistance 
of a wire, then 



Similarly the total quantity of electricity in a given time is 
measured in units, each equal to 1 volt multiplied by 1 ampere. 



Fig. 61. Di.vaiuit Showing Method of Conneoting up a Volt-Mbtek. 

This unit is called a watt, and 1000 watt-hours is a Board of 
Trade unit of electricity. 

Tlic simplest instruments for measuring electro-motive force 
and current are based on the galvanometer. If the coil sur- 
rounding the maguctic needle consists of very thin wire it will 


Amiir\eiv.r 




Fig. 6Z Diaobam Showing Method of Conneotiku up an Amuetbb. 


have a high resistance, and only a very small current will pass. 
When such an instrument is connected across the main wires 
loading from a dynamo as in Fig. Cl, the electro-motive force 
acting on the coil will be the same as in the main wires, but the 
current will only bo a very small fraction of the main current. 
The deflection then will vary with the electro-motive force, and 
the voltage indicated by the movements of the needle. Such an 
instrument is called a voltmeter. 

An ampere-meter, or ammeter, as it is generally called, may 
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consist of a galvanometer with a coil of very thick wire con- 
nected in series as in Fig. 62. The electro-motive force is due 
to a fall of potential round the circuit. (If water instead of 
electricity were being considered, the force tending to make 
water move from one point to another would be duo to a difEor- 
enee of level.) The fall of potential depends upon the resistance, 
and with a low-resistance galvanometer will be very small. It 
will not absorb more than a fraction of the current in the circuit, 
but since all the current passes through it and the potential 
difference between its terminals will bo very small, its indications 
will vary with the strength of the current. 

Other instruments depend upon the heating ofEect of a current, 
which is proportional to C®Il. If the resistance of a wire is 
practically the same for all temperatures the amount of heat 
produced by a momentary current will depend only on the 
square of its strength. The heated wire will expand and, as the 
slack is taken up by a spring, will turn a pointer. 

The total quantity of electricity, however, depends upon the 
voltage and ilie current strength, and an instrument for measur- 
ing the product of these is called a wattmeter. Space will only 
allow a brief statement of the principle upon which such an 
instrument is constructed. If a coil of wire suspended in a 
magnetic hold carries a current it tends to sot itself at right angles 
to the linos of force. Tliis effect in a coil of high resistauat will be 
proportional to the electro-motive force, and in a coil of low 
resistance to the strength of the current, so tliat the combined 
effect of two such coils (no iron being present) will measure 
the watts. If one is fixed and the other free to move, the 
motion of the latter will bo a measure of tlio mutual attraction 
due to the current and the electro-motive force. 

In generating stations the instruments record on rolls of paper 
the changes in the electro-motive force, strengtli of current, and 
quantity of electricity produced, so that very accurate calcu- 
lations of the cost can be made. But this applies to the whole 
amount, and in order that each consumer shall bo charged 
exactly for the quantity he uses other instruments are required. 

Behind the hall door or in some otlier out of tlie way corner of 
a house in which electricity is used for heating or lighting, is a 
small, compact instrument which the householder regards with 
a considerable amount of awe, not unmixed with suspicion. 
For it is upon the indications of this apparatus that his quarterly 
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bill for cturcnt is calculated, and as the amount is small or large 
so is be prepared to look upon it as an upright judge or as a 
biassed advocate of the people who placed it there. The instru- 
ment consists of an iron case with a window in front and having 
a set of dials something like a gas-meter. The internal arrange- 
ments vary considerably in difierent types, and it may perhaps 
be sufficient to indicate the principle upon which one of these 
performs its duty. 

It should be noted at the outset that the voltage of a public 
supply is constant, or nearly so ; and as the quantity of elec- 
tricity for which the consumer has to pay is measured by the 
product of the number of volts, the number of amperes, and 
the time, it is necessary to measiue and record only the last 
two quantities. Suppose now a small electric motor is con- 
structed so that at the voltage of supply a current of one ampere 
causes it to make one revolution per second, a current of two 
amperes two revolutions per second, and so on. Then the num- 
ber of turns which the motor makes in any given time multi- 
plied by the voltage of supply will give the total amount of 
electricity which has passed through it. Such a motor can 
easily be arranged to operate a set of dials so that readings are 
obtamed directly in Board of Trade units of 1000 watt-hours. 

BLBOTEO-MAGNBTIO INDUCTION 

The principles upon which nearly all methods for the pro- 
duction and application of electrical power depend were dis- 
covered by Michael Faraday between 1830 and 1832. He 
showed that if a magnet be moved so as to approach a coil of 
wire the coil has a current of electricity produced within it. If 
the magnet is withdrawn a current in the opposite direction to 
the first is produced. In fact any movement of fhe magnet 
such that the lines of force in its field out the wire causes a current, 
the direction of which depends upon the direction in which the 
lines move. As a wire conveying a current has a magnetic field 
it is capable of acting on another wire in the same way, either 
by actually moving either wire, or by causing the strength of 
the current to alter so that the lines move inwards or outwards, 
and thus out the second wire in their motion. 

If the reader can keep these actions and reactions in his mind 
he will have no difficulty in understanding how nearly all the 
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apparatus employed in the practical apphcationa of electricity 
work. He must always picture a conductor conveying a current 
as surrounded by a field of magnetic force, and ho may, as a rule, 
assume that iron is used merely to concentrate this force and to 
give it direction. If either a wire carrying a cuiTeut, or a piece of 
iron, is free to move, the movement will take place in such a way 
that the greatest possible number of linos of force pass through 
the iron. For example, a coil of wire througli which a current of 

electricity is passing (Fig. 60) 



will “ suck-up ” an iron rod 
until the latter protrudes equally 
at either end, and will exert 
considerable force in so doing. 
Two conductors carrying cur- 
rents act upon one another by 
reason of tbe magnetic ficlcb 
with which each is accompanied. 
And every electrical machine 
may be regarded as a magnetic 
machine in which the magne- 
tism is produced by electric 
currents. 

It is customary to express the 
strength of a magnetic field by 
the number of imaginary linos 
of force per square centimetre — 
measured at right angles to 
the direction of tlio force, into 
the exact meaning of this it 
is not necessary to ent<u hesre. 


Pig. 68. RiscTANmiiAtt Coin Rota- but it may be stated that the 
TiNO BOTWKBV Poww uv Piisnu t ..-..-i.,.,...! : . 

Maonbts. e.m.i. prouucea in a conductor is 


Maonkts. prouucea iii a conuTictor is 

proportional to the number of 
lines cut per second; that is, to tho strength of Uio field 


and the velocity with which the conductor moves. And 


as tho movement of conductors in a magnetic field is the 
method by which electricity is invariably generated for practical 


purposes, we may proceed to consider the construction and 


mode of working of generators, or dynamos as they are more 
usually called. 
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THE CONl'INTTOUS-CXTRRENT DYNAMO 

Imagine a rectangle of wire to rotate between the poles of a 
magnet as in Fig. 63. As each side of the rectangle approaches 
the pole a current is induced in the direction shown by the 
arrows, and this increases until the centre of each pole is reached 
(when the greatest number of linos of force are cut per second), 
and then decreases until the rectangle has turned so that its plane 
is vertical. As the rotation continues the side whicli at first passed 
the face of the south pole now passes the face of the north pole. 



and vice versd. The induced ciuTcnt now is in the opposite 
direction to that indicated by the arrows. 

A wire rectangle is too ilimsy a thing to bo rotated without 
some support, and a single coil can only cross the field twice in 
every revulutiom So in the actual machine it is replaced by 
coils of similar shape, but of many turns, because each turn 
has a current induced in it, and the electro-motive force 
is proportional to the total length of wire cutting the mag- 
netic field. In order to concentrate the magnetism of the 
poles in the gap between tlioni, the rotating coil is mounted 
on an iron armature which, in the earlier machines, was of the 
form shown iix Fig, 64. If each end of the wire is connected 
with a metal ring mounted on the shaft by means of a non-con- 
o 
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ducting disc, tHen the current can be drawn of[ as it is produced 
hy brushes that make a sliding contact with the rings as in 
Kg. 65. 

A continuous current is obtained by means of a commutator. 



This consists of a metal ring or cylinder uuniiitod on an insulating 
drum, and cut in halves at opposite ends of a diameter, as in 
Fig. 66. Two brushes rest on this in such a position that when 



Fig. 66. Two-Pajit Commotatok. 
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the current in the armature is just about to reverse, the brushes 
change over from one half to the other, thiis rectifying the 
alternation in the armature. 

In this arrangement the coils are only cutting the lines of force 
for part of the revolution, and while the cheeks of the shuttle 
are passing the pole- pieces no electro-motive force is being 
produced. Modern armatures are made in the form of a drum, 
which is built up of a number of thin sheet-iron discs, threaded 
on the shaft. These are separated from one another by coats of 
varnish or thin paper to prevent induced currents flowing through 
and heating them, and they arc stamped with teeth in the edge 
to form gutters in which the armature coils can lie. The coils 
are wound separately and connected up with segments in the 
commutator. The latter consists of copper bars mounted on a 
non-conducting sheath round the shaft, and separated from one 
another by strips of mica. 

The brushes consist of carbon bloclcs held in a frame which 
can bo rocked slightly backwards or forwards until there is the 
least sparking between the brushes and the commutator. The 
reason for this adjustment is as follows. The rotation of the 
iron armature causes distortion of the lines of force, so that 
instead o£ pursuing their usual path, they are dragged round 
slightly with the armature. If the brushes do not take off the 
current from each pair of commutator bars when the voltage is 
at its highest value, there is a tendency for the current to jump 
across to the brush before or after the bars have passed under it. 
And since the voltage is highest when the coil is passing through 
the strongest part of the field, the brushes which would normally 
be exactly opposite the pole pieces, have to be given a “ lead ” 
corresponding to the angle of distortion. 

The magnetism in the field magnets is produced by the machine 
itself, (loils of wire are wound between the pole pieces, and these 
arc connected \ip in one of the ways illustrated in Pig. 67. In the 
first method the current from the armature divides, part going 
into the outer circuit and part round the field magnets. If more 
current is taken in the outer circuit, less goes into the field coils ; 
the strength of the field is reduced and the voltage of the machine 
falls. This is called shunt winding. In the other, or series wound 
machine the same current flows round the outer circuit as the 
field coils, and when the former increases the field strength 
increases and the dynamo rises to the occasion. Machines which 
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have to bear varying loads have part of tlio ■winding in scries and 
part in shunt, with such a proportion that each compensates 
the defects of the other. They are then said to be com- 
pound-wound. 

The voltage of a dynamo depends upon the length of active 
wire in the armature, that across the ends being ineffective, and 
many turns of thin wire will produce a high voltage. It also 
depends upon the sl.rcngth of the magnetic field. Rut a long 
length of thin wire has a high resistance, and the current from 



Shunt Winding. 



Fig. 67. DtAoiiAM SiKiwiNO MBTnei) op Winhiko Dynamos. 

such an armature will bo relatively weak. On the other hand, a 
few turns of thick wire will produce a current of low voHage. but, 
as the resistance is also low, of coimiderable strength. The 
winding of the armature therefore determines the uses to which 
a machine can bo put, though, as will appear later, t.lie character 
of the current can be altered before use in any way that is desired 
with considerable ease. 

Dynamos to give continuous or direct current, or D.O. machines 
as they are called, arc not usually constructed to give- a very 
high voltage, and as high-tension direct currents have been used 
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recently (o.g. in the wireless telegraph station at ClUdcn Hay) it 
will be interesting to describe how it is done. Suppose there are 
three machines each giving 1000 volts, and imagine them con- 
nected so that the first terminal of the first dynamo is comicctcd 
to the outer oircurt, and the second to the first terminal of the 
second dynamo. The second terminal of this dynamo is con- 
nected to the first terminal of the third dynamo, and the second 
terminal of the third dynamo to the outer circuit. In this way 
the total electro-motive force becomes equal to the sum of the 
electro-motive forces of all three machines, or 3000 volts. The 
attempt to secure the same result in a single machine would 
introduce difficulties of insulation. 

The existence of only two poles which concentrate the lines 
of force in one direction leads to irregularities in the voltage 
which are very notieeablo in lamps unless the machine is driven 
at very high speed ; and as a high speed involves special diffi- 
culties in construction to secure exact balance, the avoidance of 
vibration, and a sufficient lubrication of the bearings, all modem 
machines except very small ones or machines to be driven by 
turbines, are made with four or more polos. These multipolar 
machines have the field magnets m the form of a ring with 
magnet cores projecting from the inner surface, and the coils arc 
so wotmd that the polos arc alternately north and south. Instead 
of cutting the field between a single pair of magnet poles in each 
revolution, the armature coils cut the field between two, three, 
or more pairs, and the successive impulses of electro-motive 
force occur more frequently. A lower speed is therefore possible, 
and the lamps do not fiUickcr. 

The arrangement will be imdorstood from Figs. 68, 69, 70, which 
show the armature, brush gear, and the complete machine, of 
the typo constructed by Messrs. Dick, Kerr & Co. of Preston. 
Fig. 69 shows clearly how the alternate brushes are connected 
up so that half of them collect current from coils passing 
north polos and half from south polos of the field magnets. 
Fig. 68 showed how the strips of copper forming the armature 
coils are placed in slots in the drum and kept in place by binding 
with stool pianoforte wire resting on mica bands. In a 2-polo 
machine each strip would pass completely round the armature, 
lying in slots diametrically opposite to one another ; but in the 
^polc machine it is only necessary to carry it through slots one- 
eighth of the circumference apart — ^that is, so that the two lengths 
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shall be opposite N. and S. poles, and the cuxients in the two 
portions shall therefore flow in the same direction. 

A word of explanation is perhaps necessary in regard to the 
“interpoles” — ^the small fleld magnets between each pair of 
main polos. These are so wound as to act in opposition to the 
pole behind, and thus to convert the gradual change of c.m.f. 
in the armature coils into a rather sudden one. In the absence 
of interpoles, which are generally fitted to high-speed turbine- 
driven generators, the effect of a pole on an armatuiu coil persists 
during the period when the armature coil is leaving the polo 
and when the corresponding commutator bars arc leaving the 
brushes, and a certain amount of sparking occurs, which not 
only increases the wear of the commutator and brushes, but 
also causes loss of energy. With interpoles both these faults are 
avoided. 

This particular machine is constructed to generate 700 kilo- 
watts (a kilowatt is 1000 watts) at 330 revolutions per minute. 
The e.m.£. is 500 to 525 volts and the strength of the current 
1330 amperes, representing over ^00 electrical horse-power. 

THE ALTERNATING CfURBENT DYNAMO 

It has already been remarked that a dynamo or generator 
provided with slip rings instead of a commutator gives an 
alternating current, and for small machines this is the main 
constructional difference between them. Moreover, in machines 
giving continuous current in one direction it is obviously neces- 
sary that the commutator and the armature should rotate in 
order that the change of direction in the armatiirc coils may bo 
rectified. But if an alternating current is required the condition 
for its production is merely that conductors and lines of forces 
should continually cut one another, and this can bo secured as 
easily by rotating the field magnets as by rotating the armaliure. 
In very large machines there is clearly an advantage in rotating 
the field magnets rather than the armature, because it is the 
armature which carries the main current ; and when he*vy 
currents at high pressure have to be taken from rings tlware is 
bound to be some loss owing to the imperfeefiou of sliding 
contacts. On the other hand, a comparatively low-tension 
continuous current is necessary to excite ihe field magnei s, and 
is conveyed through slip rings without any appreciable dis- 
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advantage. The current from the armature is then collected by 
cables attached to the fixed armature coils. 

A modem alternating current generator consists of a rotating 
wheel, called a rotor, carrying on its rim a number of pole 
pieces, surrounded by coils of wire, which must be fed either with 
direct current from a separate dynamo, or from one mounted on 
the same shaft. Surrounding the rotor is a large ring-shaped 
frame, having coils fixed on its inner surface. The poles on the 
rotor are alternately north and south, and as it rotates the Unos 
of force between successive poles cut the coils of the fixed arma- 
ture or stator. For each pair of poles in the rotor passing the 
armature coils per second, there will be a complete alternation 
of the current, so that the periodicity or frequency will be given 
by the product of the number of pairs of poles and the number 
of revolutions per second. Thus suppose there are sixty poles 
and a corresponding number of coils, then at 1200 revolutions 
per minute, or twenty per second, there will be 30x20 or 600 
alternations per second. 

The example just given assumes that the wire in the stator is 
wound continuously round successive poles, giving what is 
known as a single-phase current. If, however, the wire is in two 
porbioiu wound round alternate poles, the current will bo a 
maximum in one when it is at a minimum in the other, a con- 
dition known as 2-phaso. More frequently there arc three sets 
of stator coils, giving a 3-phasc current. In the 60-polc machine 
mentioned in the last paragraph the frequency of a 2-phase 
current would be 150, and of a 3-phase current 100, per second. 

Fig. 71 shows a 4-polo 3-phaso machine giving 8000 k.v.a. 
at 750 revolutions per minute, made by Dick, Kerr & Co. 
It is particularly interesting as showing the arrangements 
for ventilation. The outer casing of the stator is double, and 
air is drawn in at the bottom and expoUod through an opening 
in the top. The rotor is kept cool by the operation of a fan 
fixed on the shaft. This and other features will be clear from 
Fig. 72. The four field coils with their laminated pole pieces 
will be clearly seen. In order to obtain the same e.m.f. at lower 
speeds, the number of poles would have to be increased, and 
the rotor constructed of larger diameter. The hi^ speed at 
which turbines runreduccs the number of polos which arc necessary, 
and in machines which run at 1500 to 3000 revolutions per 
minute not more than two poles are required. The rotor then 
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takes the form of a drum in which the coils arc laid in slots on 
opposite sides, and is very similar in appearance to the old 
shuttle armature. 

It will, perhaps, be intorcstiiifj; to notice the elaborate pre- 
cautions which arc taken in the winding of modorii electrical 
machinery. In the coils of the armature sliown in Eig. 68 
the strip copper is wound on a model or former so as io bo of 
the exact shape it will take in the machine. It is (hen cleaned 
and dried, the free cuds wrapped with supcrrine linen tape, 
twice dipped in special varnish, and baked between eaeli process. 
The portion which is to lie in the slot is (.hen insulated with mica, 
parchment paper, and linen tape, dried in a vaemun, impreg- 
nated with oil and acid-resisting varnish, and baked for twelve 
hours. The slots are lined with Icathcroid troughs to prevent 
abrasion. For peripheral speeds of more than (iOOO f(!ol j)cr 
minute the steel wire binding referred to on page 85, is insuffi- 
cient, and the conductors arc held iu place by hard-wood wedges, 
driven into dove-tails formed in the outer portion of the slots. 
The finished armature is baked for twelve lu)ur8 ami given a 
fimal spraying of air-drying, black varnish, it. may b('. hdt to 
the reader to imagine the vast amount of patient investigation 
and oxpciionco which b’o at the back of such a series of processes ; 
and these are quite apart from those cone.erne(l wit.h the 
mechanical (as distinct fi'om the electrical) feat ures of a modern 
armature. 


TRANSMISSION AND DISTRUJUTION 

The size of the wire required to transmit electricity over a 
distancG is determined by the heating (dieot. Tliis is 
jwrtional to the jiroduct of the resistance of the wire ami the 
square of the current strength. On account of it s high conduc- 
tivity copper has boon invariably used for the purpose, though 
aluminixun is coming into use on account of its lightness, its 
conductivity is less than that of copper, and its price per ton is 
a little higW, but volume for volume its weight is less than 
onc-tliird. 

As the amount of clcctrie.ity transmitted iu a given time is 
mcasurexl by the product of the voltage and current-, for larg<» 
quantities either the voltage or the emrent, or both, must bo high. 
But if the strength of the current is doubled, the heating cllcct is 
multiplied by four, so it is usual to employ high voltages iu traus- 
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mission wherever possible in order to save the cost of copper. 
The determination of size, however, is not arbitrary, and several 
factors have to be taken into account. 

While high voltages are desirable for transmission they are 
not always suitable for actual use, and cue of the contrivances 
which adds so much to the adaptability of electrical power is the 
transformer. This consists of two separate coils of wire wound 
on a soft-iron core. When a current of electricity in one starts 
or increases in strength a current is produced in the opposite 
direction in the other. Similarly when the current in the one 
decreases in strength or stops a current is produced in the same 
direction in the other. As the “ induced ” currents in the second 
coil depend upon the number of lines of force cut by each wire per 
second, and the number of wires, the voltage depends upon the 
number of turns. And, since the quantity of electricity in the 
two coils is practically the same, it is possible to “ step-up ” 
from a current of low voltage and relatively great strength to 
one of high voltage and small strength, or vice versd. The 
ordinary Ehumlrorf or induction coil is a step-up transformer, 
and the coils used for converting the high-tension current from 
long-distance transmission lines to low-tension current for tram- 
ways and other purposes are step-down transformers. Both 
the entering and leaving, or primary and secondary, currents 
are alternating. The change from alternating to direct is effected 
by a motor generator, to be described later. 

The transmission of electricity at high voltage necessitates 
special precautions, for not only is the tendency to leakage im- 
measurably greater, but a shook is hi^ly dangerous. Conse- 
quently, though one of the earliest central stations in En^nd — 
that at Deptford — ^produced an alternating high-tension current, 
nearly all modern stations for town supply produce a strong 
current of moderately low voltage. On most tramway systems 
the eloctric-motive force is DOO volts, while for private lighting 
the voltage rarely exceeds 230. 

In order to economise copper most electric light stations 
distribute electricity at 460 volts by means of what is known as 
the three-wire system. Suppose there are two djmamos connected 
up as shown diagrammatically in Big. 73. If each dynamo is 
capable of producing current at 230 volts, the total electro- 
motive force in the two outer wires will be 460 volts. The wires 
leading into the premises of each consumer, however, are always 
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the inner and one outer, so that the electro-motive force inside 
the dwelling is only 230. If, in any case, 460 volts is used the 
fittings must be of a special character. 

If electricity has to be distributed across country over long 
distances, then there is nothing to prevent the use of high- 
tension currents. In England some of the electric railways 
considered in Chapter XIII, are fed by a 6000-volt system, and 
in Norway the current used for the manufacture of nitrates by 
the process described in Chapter I has an electro-motive force 
of 10,000 volts. The Ontario Power Company, of Niagara Falls, 
whose station is also described in Chapter I, sell their clcc- 



Fig. 73. Diagram to Ii,i.TrHTU.VTj!i TniiBE-wiUB SvhTRM. 

tricity to throe subsidiary companies, one of which distribules it 
over 160 miles at 60,000 volts. The wires consist of ahuninium 
IJ' inches in diameter, and ate carried on iron standards 55 feet 
hij^, with an average span of 500 foot. The overhead cables are 
fixed to porcelain insulators wliich weigh 35 lbs. each. 

At Xcokuh, on the Mississippi, the fall in the L)es Moines 
Bapids has been utilised for a hydro-electric power station, 
from which electricity is distributed locally and as far as St. 
Louis, 144 miles away. For the long-distance transmission 
the current is stopped up to 110,000 volts, and the |-inch copper 
cable is carried on steel towers about 80 feet high and 800 feet 
apart. Instead of the bell-shaped insulator similar to those 
used for telegraph and telephone lines, the fonn adopted consists 
of seven porcelain discs, each ton inches diameter, and with 





GENERATION OE ELECTRICITy 


91 


corrugated or ribbed surfaces. These are strung together on a rod 
by means of malleable iron httiugs cemented into them, and the 
cable conveying the current is suspended from the lower disc. 

But by the time this book appears in print a transmission 
system of stiU higher voltage will be in operation. The Pacific 
Light and Power Corporation has erected two hydro-electric 
stations, about four miles apart, at Big Creek, seventy miles 
from Eresno in California. Erom there power is conducted to 
Los Angeles, 275 miles away, at a pressure of no less than 
150,000 volts, where in addition to domestic and factory use 
it serves also the Pacific Electric and Los Angeles railway 
systems. This installation not only has the highest voltage 
which has ever been employed on a commercial scale, but it is 
transmitted also over the longest distance which heavy currents 
of electricity have yet been conveyed either overhead or under- 
ground. 

The employment of such enormous pressures has been rendered 
possible only by improvements in the design and construction 
of switches and transformers. When a circuit conveying a 
high-tension current is broken, the electricity tends to jump 
across, and the resistance that it encounters causes an “ arc,” 
which may fuse the metal of which the switch is composed. It 
has been stated that at the Deptford Station when the main 
switches on the 10,000-volt circuit were broken, a man had to 
“ beat out ” the arc with a mat at the moment when the lever 
was thrown over ! 

An “ arc ” or tongue of flame formed by the current jumping 
a gap, is flexible, and is deflected by a magnet just in the same 
way that a flexible wire carrying a current would move so that 
its magnetic field corresponded to the one acting upon it. Switches 
are, therefore, often provided with magnets which prevent the 
arc becoming established by blowing it out as soon as it is 
formed. And all switches, whether for direct or alternating 
current, arc operated partly by springs which cause the contact 
to bo broken with extreme rapidity. 

The switches used for high tensions ate immersed in oil which 
has a high insulating power, and are never operated directly 
by hand. They ate opened and closed by electro-magnets, and 
the small switches which control them have only to deal with a 
weak low-tension current entirely independent of the main 
circuit. The high-tension switches are looked up out of sight and 
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touch in a brick or concrete chamber, which ia opened only for 
the purpose of occasional inspoctioir and repairs. 

MOTOftS 

The reader who undoratands the D.O. dynamo will have no 
difficulty in undcratanding the D.C!. motor, for they are in all 
essential parts the same, and one machine can bn used lor either 
purpose. The magnetic oJIcet of the coils on the field magnets 
and armatiuc is concentrated bctwcon the polo pieces in such a 
way that when a current is sent througli the. machine attraction 
occurs between armature and field magnet, and the former 
turns. But as soon as the polos between which llio attractive 
force is exerted come opposite to one another, Ihe commutator 
arrives at a position in which tlic current is rcivorsed. The 
armature pole is now of opposite polarity, and repulsion ensues. 
This ia repeated for every pair of poles, and a continuous roia- 
tion of the armature is secured. 

Like the dynamo the D.O. motor may he shunt, scries, or 
compound wound. The shunt motor develops very little power 
at low speeds with heavy loads, because most of tlic current goes 
into the armature and the magnetic field of the field inagucts is 
therefore weak. As the armature rotates, however, it behaves 
as in a dynamo, and produces a bae.k cloctro-inotivc force in its 
coils which is equivalent to a resistance, and drives more current 
round the field magnets. Such a macJiine is largely self-regu- 
lating. 

In a scries motor the same current passes round the armature 
and field magnets, and from the inoment it is switched on there 
is a strong turning movement. This makes the series machine 
valuable for cases whore large power at low sj)ccd is required, 
as ii\ trams, lifts, and cranes, which have fretpieutly to bo 
stopped and restarted. Constancy of speed under varying loads 
is secured by compound winding, in which the defect of each 
system is compensated by the otlicr. 

As the resistance of the annatnre coils is invariably ]f)Wor 
than that of the field magjiots, the greater proportion of the 
current tends to pass through them when the motor is at rest, 
and it is not until the machine has acquired some speed that the 
back voltage in the armature reduces this to a safe amount. In 
order to prevent the armature coils becoming ovorhoaUd and 
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“ burnt out ” all D.C. and some tj^es of A.C. motors are pro- 
vided with starters. These are boxes of resistance coils fitted with 
a switch which, as it is turned, causes the current to pass first 
through the whole length of resistance, then smaller parts of it 
in succession until the whole of the resistance is cut out and the 
current passes directly to the motor. The type of starter used 
on tramways will be described in Chapter XIII. 

The problem of obtaining motion from an alternating current 
is a much more difficult one, but has been solved in three ways. 
If an alternating current is passed through the armature of an 
alternating current dynamo at rest, the machine will not start, 
for the tendency to rotation in one half is balanced by the 
tendency in the other half. And even if the armature is rotating, 
the two opposite tendencies may be equal. But if the speed is 
such that each coil passes from one pole to another during half 
an alternation of tlie driving current, then the direction of the 
latter will be changed just in time to convert what would have 
been a repulsion into an attraction, and the machine will con- 
tinue in motion at constant speed. Thus if the frequency is 100 
per second there will be 1200 half-alternations per minute, and 


if there are four pairs of poles the speed must be 


12,000 

8 


=1500 


revolutions pet minute. Such a machine is called a synchron- 
ous motor, and so long as it is not overloaded it will con- 
tinue to run at constant speed. 

The second type is oalled an induction motor. Suppose there 
are two or three sets of coils in pairs in the stator, and suppose 
them to be fed with 2-phase or S-phase current, so that the 
maximum magnetic effect is produced successively all round the 
ring. Any conductor, such as a copper bar, will follow the coils 
as each one is successively excited, because of its tendency to 
move to the strongest part of the field. The rotor consists, 
therefore, of a number of copper bars, each end of which is fixed 
to a copper ring, forming a sort of squirrel cage fro m whichthis 
type of rotor takes its name. If the initial load is not high, this 
motor is self-starting, and as no current passes into the armature 
conductors no slip rings are required. If such a motor is re- 
quired to deal with heavy initial loads, the coils are wound on 
the rotor and current is led into them by means of slip rings 
and carbon brushes. When the machine is fairly started the 
brushes may be lifted from the rings. Figs. 74 and 75 show the 
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stator field magnets and armature of a 315 horse-power induetion 
motor constructed by Dick, Kerr & Co. 

The third type of motor is used for railway work, and takes 
single-phase current. It is similar in principle to the direct- 
current machine, but whereas in that case the commutator 
reverses the direction of the current in the armatme, in this 
case the reversal takes place by the alternating current in the 
field magnets. The armature coils are short-circuited by con- 
necting opposite brushes in pairs, and the brushes are fi.xed so 
that each set of coils is closed at the time when the field-magnet 
poles ezert the most powerful turning effect. This possesses all 
the merits of the D.C. series machine, with the additional ad- 
vantage that the current to work it can be conveyed cheaply 
over great distances by relatively thin wires. 

We are now in a position to understand how an alternating 
current is converted into a direct one. If the current is sent 
through the armature of a synchronous motor, entering by 
slip rings, the machine will, as has been observed, rotate at 
constant speed. If, moreover, the annature-shaft bo fitted 
with a commutator to which the other ends of the coils are 
attached, the armature will turn at the correct rate to enable 
the commutator to deliver to the brushes a direct current. A 
Rotary Converter of this kind usually has fitted on the same 
shaft a small induction motor, which serves to start it and run 
it up until it is in step with the alternating ctirrcnt which drives 
it. The field magnets are fed by current from the D.C. end of 
the machine. 


EliECTBICAL STORAGE 

The value of electrical power is enormously increased by the 
fact that it can be stored. This is accomplished in cells which 
are distinguished from those used in the generation of electrhsity 
on a small scale for electric bells, telephones, and experimental 
work, by being called storage cells, or secondary cells, or, more 
properly, accumulators. A number of cells constitutes a battery. 
The battery can be fixed up permanently, or enclosed in a box, 
taken to a generating station, charged, and then taken away to 
the place where the electricity is to be used. This is just as 
simple as taking a piece of clockwork to be wound up and then 
removing it to another place to drive machines. 




I'o Imr ()4 


Fig. 75.— ROrOR FOR L\RGL: INDUCTION MOTOR 
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There are, broadly speaking, three types of secondary cells 
in use, two of which are very similar, and depend upon a discovery 
made by Plants more than fifty years ago. He found that when 
a current of electricity was passed for some time through a 
cell containing two lead plates immersed in dilute sulphuric acid 
a current could afterwards be obtained in the reverse direction. 
At first, not a great deal of the electricity could be stored in this 
way, but by repeatedly charging and discharging the cells, the 
plates became capable of taking up and retaining, as it were, a 
greater quantity. The total amount of electricity put into 
the cell can in no case be recovered, and under ordinary con- 
ditions there is a 20 per cent or 30 per cent loss. The storage is 
due to a somewhat complicated chemical change, or rather 
series of changes, in which one of the plates is converted into 
lead peroxide, PbOi, a chocolate- coloured substance. The 
immersion of the plates in the acid may be assumed to lead to a 
thin layer of lead sulphate, PbSOi, being formed on both plates. 
The passage of the current causes the separation of hydrogen at 
the negatived plate, and this reduces the lead sulphate to lead, 
which it leaves in a spongy condition. At the other plate, an 
oxidising action occurs, and the lead plate is oxidised to the 
chocolate peroxide. The liquid in the cell becomes denser, 
showing the presence of more sulphuric acid than before the 
passage of the current. 

The tendency for the spongy lead to be oxidised and the 
peroxide to be reduced causes a current to flow in the opposite 
direction to the charging current, when the plates are connected 
to an external circuit. The e.m.f. is always about 2 volts — or 
2-2 volts for a fully charged cell, falling a little as the cell is dis- 
charged. With lead plates the active materials are at first pro- 
duced only in a thin surface layer, but repeated charging and 
discharging increases the depth and enables the duration of 
charge and discharge to be increased. The process, however, is 
very tedious, and the active material is liable to break off in 
flakes from the surface of a flat plate. 

An improvement was effected by Faure, who employed an 
alloy of lead and antimony cast in the form of a grid ; and pressed 
into the interstices of the grid a paste of red lead, PbjOt, and 
sulphuric acid. This secured at once a greater amount of active 
material, and reduced the time required for “forming” the 
plates. Numerous other modifications have been introduced in 
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order to secure a greater sponginess tliroughout, so that chemical 
action can proceed mote readily and affect a greater quantity of 
material. Thus, -while the percentage occupied by the pores in 
an early type of Plants plate was only 25, that of a modern 
chloride cell reaches 60 or 70. 

It -will, perhaps, be not without interest to indicate one way in 
which this has been achieved. The Chloride Company make their 
positive plates in the shape of perforated slabs with spiral 
rosettes of thin lead strip pressed into the holes. These are 
“ formed ” by the original Plantd process. The negative plates 
contain pellets of a fused mixture of lead and zinc chlorides in 
the perforations. On passing a current of electricity through 
these plates in the cell, the zinc is removed, and the lead is 
reduced to the spongy condition. 

Lead accumulators require a groat deal of care in manage- 
ment. They must not be charged or discharged too rapidly, or 
the active materials tend to become displaced. The amount of 
liquid necessary, and the use of the heavy metal load, renders 
them of great weight. The corrosive character of the acid 
requires the cells to be made of glass, ebonite, or, for very small 
ones, celluloid. But the many attempts which have been made 
to discover a lighter metal that would serve the purpose, and a 
method of construction that would withstand hard usage, have 
resulted in a single success which may now bo do-scribod. 

The Edison Accumulator was invented about 1904-, and though 
it made slow progress at first, improvements in manufacture 
have secured for it during the last few years a considerable 
reputation. "Whereas two or three years ago lead accumulators 
in use in the United States wore twice as numerous as Edison 
cells, their number is now equal. 

Mr. Edison employs iron and nickel instead of lead, and a 
solution of caxistic potash instead of sulphuric acid. The con- 
struction of the plates involves a degree of mechanical ingomiity 
thoroughly in keeping -with the standard of the twentieth 
century. The positive plate consists of a nest of nickel-steel 
tubes, each one of which is formed by a perforated nickel steel 
strip wound in a spiral. These ore packed tightly with alternate 
layers of nickel oxide and flakes of metallic nickel. Fig. 76 
illustrates the single tube and a comphite plate. The negative 
plate is also of steel and contains oxide of iron pressed into a 
number of lozenge-shaped pockets, see Fig. 77. The liquid and 
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the immersed plates are contained in a closed-ribbed nickel-steel 
box, Fig. 78. The cell contains water with 21 per cent of caustic 
potash, and the solution requires a little water occasionally. 
The chemical changes which take place have not been fully 
worked out, but the net effect is supposed to be that the oxygen 
of the nickel oxide is transferred to the iron plate, rendering that 
more highly oxidised. But ordinary chemical analysis reveals 
no difference in the composition of either plate charged or un- 
charged. 

The ability of this cell to withstand hard wear may be gauged 
by the fact that some were tested by being lifted and dropped 
2,000,000 times, the process being continued for twenty-two 
days and nights, without any mechanical defect arising, and with 
a loss of only one-quarter per cent in efficiency. On one occasion 
a fire in a garage boiled out all the liquid, and yet, when filled, the 
battery is said to have been as good as ever. Moreover, the 
Company quote cases in which cells in regular practice are charged 
for short periods at five times the normal rate — ^a proceeding 
that would, in load accumulators, cause buckling of the plates 
and displacement of the active material. 

The e.m .f . is only about 1 -2 volts, so that more cells are required 
for a given voltage than in the case of ordinary storage batteries. 

Accumulatorsaro used very frequentlyinolectricalpower stations 
for dealing with variations of load, charging being accomplished 
when very little current is required in the mains. They are also 
used to a limited, but, in the case of Edison cells, to an increasing 
extent, for traction. It will be clear that if a tramcar could 
carry its own generators with it an enormous capital outlay 
in overhead and underground equipment would be saved, but 
hitherto the weight and fragility have stood in the way. From 
some figures which were given in the Engineering Review for 
September, 1913, the first-named problem does not appear to 
have been overcome. But cars have been equipped in this 
way in many towns, and are said to be doing good service. 
The necessity for proximity to a charging station when the 
storage battery runs down, will militate against its extensive 
use for motor-cars, but very considerable progress is being made 
in connection with tradesmen’s vans, which have a definite 
round, and which always return to the same place. Small 
portable types are used to a large extent in displacement of 
primary batteries — ^for miners’, policemen’s, and domestic lamps, 

H 
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for surgical and medical and dental work ; for motor-cars, sub- 
marines, railway and other signalling, for electric clocks, and 
for a score of other purposes. 

The present type of Edison cell was placed on the market in 
1908 ; in 1909 the rate of production reached 500 A-4 type cells 
per day, and in 1913 it had grown to six times that amount. 
About forty American railway companies have adopted the 
battery for train lighting, and a number of main lines and light 
railways are stated to be usuig these accumulat or^^ for motive 
power. The Ford motor-car will in 1914 be equipped with self- 
starting and lighting apparatus driven by Edison colls, and this 
alone will involve the manufacture of no less than 240,000 sets 
of 6-volt batteries pet annum. 

Meantime, the older forms of lead accumulator continue to 
be improved, and several other types somewhat similar to the 
Edison are being tested. "Whether the use of self-propelled 
vehicles carrying their own store of electricity on ordinary 
roads becomes general or not, there are scores of other directions 
in which accumulators will iind a ready application. Perhaps 
some of us will see the time when rails will be torn up or left to 
rust in their concrete beds, when the tall poles with theh over- 
head wires will be pulled down, and when motor-cars, vans, and 
buses will be charged up at night ready for their next ^y’s 
journey. 

So much for a very brief outline of the way in which electricity 
is produced, distributed, and stored. Later on some attempt 
will bo made to describe how it is employed in manufacture, 
for domestic purposo8,in wireless telegraphy, and in locomotion on 
land and sea. But all those applications are merely encouraging 
signs of what it can and will do in the future. Wherever there is 
a cheap source of power such as water, or easily mined coal, or a 
plentiful supply of oil, there electricity can be generated and 
distributed in thousands of horse-power along a web of over- 
head or underground wires, which can bo tapped at any point 
in their length, aird used to drive machines silently, cIToctively, 
and with a grim purpose that overcomes all obstacles. Already, 
as we know, it illuminates the night, drives mills and factories, 
railways, trams, and steamships, coats baser metals with co]>per, 
nickel, silver, and gold, makes the blocks by which many of the 
illustrations in this book are produced, manufactures the nitrogen 
compounds upon which the wheat supply of the world will 
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ultimately depend, and in the Kjellin furnace excites particles 
of cold steel until they glow and flow like water. 

But above aU what cannot fail to strike even the casual 
observer most forcibly is its cleanliness. True, most electric 
generating stations produce smoke, but this is due to an ineffiL- 
cient method of using coal. If, as has been suggested, central 
stations were established on the coalfields, and the coal were 
converted into producer-gas which could be used for driving gas- 
engines, then all the heat, and light, and power which the world 
requires could be obtained with an infinitesimal fraction of the 
smoke and grime which hang like a pall over every industrial 
town. 

“ And,” as Mr. Milnes has said, “ when once the problem is 
fully solved, when once power shall be conveyed by wire, or 
possibly by wireless induction, from any source to any applica- 
tion, then the factory town is doomed. And when our produc- 
tive centres are no longer squalid with dirt, when the mill is 
planted on the hill-side, when the web is woven and the tracery 
designed where light is bri^t and Nature beautiful, then be- 
neath the touch of unsoiled hands a fairer fabric may issue from 
our looms than has ever yet delighted the daughters of men. 
Then shall pride in the results of toil — ^toil’s best reward — ^be 
once more the portion of the worker ; then shall cleanliness of 
work beget cloatUiness of home, and therewith cleanliness of 
life, of speech, and of thought, wherein is the perfection of 
man’s manliness. And production, taking on somewhat of the 
true creative character, may again hold out to the craftsman 
some share in the Godlike privilege of gazing on the work of his 
own hands, and seeing that it is good.” * 


CHAPTER VI 


BLEOTBIO LIQETma AND HEATINQ 

History loses much of its dramatic force by its inability to tell 
us who produced fixe for the first time, and whether the discoverer 
burnt his fingers over it. If a facile pen driven by a vivid 
^ From ffild to factory. 
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imagination could have described the looks of astonishment 
and awe on the faces of those who witnessed the birth of artificial 
light and heat, it woidd have given a picture of an event more 
important to the future of mankind than all the petty wars and 
aristocratic controversies with which the books are Med. The 
wonder which it created lingered for many centuries ; for long 
after its value in extracting metals was known, it continued to 
enter into the most sacred rites of religious observance. 

Though the principal use of fire was, and stiU is, the winning 
of metals without which few of the tools and appliances of the 
modem world could be made, the production of light has had 
a very important eficct in enabling man to overcome the dis- 
advantage of eircumstance, and it marks one of the most clearly 
defined steps from savagery to civilisation. The admonition of 
the proverb to rise with the lark and go to bed with the sparrow, 
though enjoying the warrant of history, would interfere seriously 
with the customs of the twentieth century, in which the pro- 
posed Daylight Saving Bill is classified with the aimual records 
of the Sea Serpent. 

Eor many centuries such light as the world required was 
furnished by the vegetable wick fed with animal or occasionally 
mineral oil, and it is only a little more than a hundred years since 
lighting by coal-gas was introduced. During the last fifty years 
coal-gas ]^s been supplemented by parafM and petroleum, 
which had the advantage of portability, and the final method of 
lighting by fiame arose with the calcmm carbide and acetylene 
industry in 1894. The electric light was known in the laboratory 
from the time of Davy in the early years of the nineteenth 
century, but until cheaper methods of producing electricity than 
by the use of primary batteries had been invented ’no com- 
mercial application was possible. But since 1879 when the 
first installation of Jablochoff candles was exhibited progress 
has been rapid. 

It is a little curious that the discovery which has enabled gas 
to maintain its position was made incidentally in an attempt 
to improve electric lamps. In 1884 Dr. Auer von Welsbaoh was 
trying to impregnate the fine carbon threads used in incandescent 
lamps with one of the oxides which have the prcjpcrty of glowing 
brilliantly when heated to a high temperature, and he frnind 
that the temperature of an ordinary gas flame fed with air on 
the principle of Bunsen’s burner, was sufficient for the purpose. 



ELECTEIC LIGHTING AND HEATING 101 

These mantles were made by soaking a ramie fabric in an emul- 
sion or thin paste of oxide of cerium with not less than 1 per cent 
nor more than 2 per cent of oxide of thorium, and then drying 
them. When they are suspended over a flame the cotton is 
burnt ofl, leaving a delicate and fragile framework of the mixed 
oxides. 

At first the mantles were sold before the gauze had been burnt 
away, or they would have shaken to pieces in travelling. But 
it is rather important that this burning should be thorough, and 
the consumer’s burner did not always do this effectually. The 
mantles therefore arc thoroughly burnt in the factory, and then 
dipped into collodion — ^which consists of nitro-cellulose or gun- 
cotton dissolved in alcohol and ether. On drying, the alcohol 
and ether evaporate, leaving a thin film of nitrocellulose which 
holds the framework together. When a new mantle is lighted 
this film burns off with a lurid flame, leaving the skeleton behind. 

The Act of Parliament under which gas companies work 
requires them to supply gas of a specified illuminating power 
when burnt in a burner giving a luminous flame. But the 
luminosity of an incandescent mantle depends entirely upon the 
heating power of the gas. All the light comes from the mantle, 
and the “ candle-power ” of the gas used with these mantles is 
a term which has no meaning whatever. Moreover, a large 
quantity of gas is used for cooking, for warming rooms, and in 
gas-engines, for none of which is iUuminating power a measure 
of its value. Indeed, it is stated on good authority that over 
80 per cent of the gas manufactured is used for purposes in which 
the heating effect is the chief criterion of its value. If people 
were charged a price for butter which varied only with its colour, 
the world woifid laugh, and the persons who decreed the 
conditions of sale would be regarded as merely encumbering the 
earth. And the case is really as bad as this. For gas of hi^ 
calorific value can bo made more economically than gas of high 
illuminating power, and gas consumers are paying more than 
they need do — ^paying, in fact, for something they do not want 
and having no guarantee that what they do want is supplied 
to them. 

While it is not intended here to enter into the merits of gas 
lighting versus the electric light, it may bo remarked that recent 
investigations by Dr. Kideal tend to show that the former is 
actually the healthier of the two. The flame keeps up a continual 
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circulation of the air and creates a hot layer some 12® C. higher 
in temperature near the ceiling, which passes through the porous 
plaster and effects ventilation where it would hardly have been 
suspected. The reader will probably have noticed in a room 
lighted by gas, and with a plaster ceiling covered only by the 
roof , that the parts under the rafters remain white while the spaces 
between are discoloured. This discolouration is the rcstilt of 
the air filtering through and leaving in the surface pores the 
fine particles of dirt that it contains. With the electric light, 
on the other hand, the air is said to be relatively stagnant, and 
to become vitiated more rapidly in cases of overcrowding. 

There are, however, special conveniences attached to the use 
of electricity, and wo shall proceed to examine some of the 
principal items of recent progress. It will be convenient to deal 
with incandescent and arc lamps separately. 


ARC LAMPS 

The arc lamp developed out of a discovery by Sir Humphry 
Davy in 1808. Ho was passing the current from a battery of 
many cells giving an electro-motive force of 2000 volts, through 
two copper rods, and he found that when they were separated 
by a small amount the electricity sprang across in a sort of 
flame. The heat caused the flame to rise and form a curve, 
and from this the name “ arc ” is derived. The metal rods wore 
soon replaced by those of ciirbon, the ends of which glow bril- 
liantly and give far more light at lower cost than could be 
obtained from any common metal. 

If the current is direct, one of the carbons, called the ])ositive, 
has its end pitted or worn into a hollow or crater, and this is 
the hottest and brightest portion. The other, or negat.ive, carbon 
is worn to a point, but at only half the rate of iJio positive rod. 
An alternating current makes each pole positive and negative in 
turn, and causes them to wear away at equal rates. If the 
alternations are less than 40 or 50 per second, the alterations in 
brightness are distinctly noticeable. There is a simple method 
of ascertaining whether an arc is fed by alternating current. If 
a walking-stick be whirled round, it will move some little distance 
between successive passages of the current in the lamp, and will 
thus be alternately in light and darkness. With a direct current 
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the illumination will bo constant, and the whirling stick will 
appear as a continuous blurred disc. 

Before proceeding to consider modern developments there 
are two features to be noticed. One is that the vaporisation 
of carbon which takes place in the arc develops a back electro- 
motive force in opposition to the current that produces it. This 
amounts to 35 or 40 volts, and no pressure less than this will 
keep it alight, even though the ordinary distance apart of the 
carbons is 2 mm., or about one-twehth of an inch. As the 
actual resistance of the arc is low when it has once started, only 
about 5 or 10 volts over this back e.m.f. is necessary to main- 
tain it, so that the usual pressure on direct-current arc-lamp 
circuits is 45 to 50 volts. A resistance coil is attached to each 
lamp to make the arc a small portion of the total resistance 
and thus maintain a steadier current. 

The second feature is the regulating device which keeps the 
carbons at a constant distance apart as they burn away. One 
of the carbons is fixed and the other, in one typo, is attached to 
an iron rod which passes up the centre of a coil of wire which 
forms a solenoid. Current flowing through the coil causes it 
to suck the rod up and thus separate the carbons. The coil is 
wound with two wires, one in scries and one in shunt. Wlien the 
current is cut off, the carbons come into contact ready for 
starting again. As the current is switched on, the scries coil 
separates the carbons, but, if it draws them too far apart, the 
current passes through the shunt, which is wound in the opposite 
direction, and forces them together again. 

In modern lamps, one or both of the carbons is invariably 
made with a softer core which consists of powdered charcoal and 
potassium silicate compressed into a rod. In an ordinary open 
D.C. lamp the positive carbon is cored and the other solid. The 
burning away of the rods is one of the principal disadvantages, 
and forms no inconsiderable portion of the cost of maintenance 
— ^not only in the cost of the carbons themselves, but also in 
the labour of replacing them. 

A decided economy is effected by the use of closed lamps in 
which the arc is surrounded by a globe pierced with small holes 
so that the circulation of the air is impeded and the carbons 
last longer. Such a lamp needs attention only after 90 to 100 
hours. When direct current is used both carbons are solid, but 
with alternating current it is usual to have one cored and one solid. 



104 


DISCOVEEIES AOT) INVENTIONS 


An ordinary open arc requires about 1-4 watts per candle- 
power, or just about the same as an Osram lamp ; but with the 
best quality of carbons the consumption may be as low as 1-1 
watts per candle. The closed arc is less e£S.cient, requiring 2-3 
watts fox the same light, but this is compensated for by the 
saving in carbons and labour. 

The newest development, however, is in lamps which produce 
a flame. In 1898-1900 Brewer used calcium fluoride in the 
carbons and this, being more easily converted into vapour 
than carbon, increased the length of the arc to 20 millimetres 
or ^ of an inch. Later, carbons with a large core containing 
potassium silicate and a fluoride were used, the colour of the arc 
depending upon the particular fluoride employed. With calcium 
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fluoride a good yellow light with excellent fog-piercing properties 
can be obtained for 0-4 watt per candle-power. Cerium fluoride 
gives a white, and strontium fluoride a red light, but Ihese 
requite 0-7 watt per candle. For street lighting, therefore, 
the yeUow flame is invariably used, while for matching colours 
indoors either the white open lamp or, better, an enclosed arc, 
is alone suitable. Almost the only use of the red flame is stated 
by Mr. Maurice Soloman* to be in butchers’ shops, where its 
ruddy glow enhances the colour of the meat. 

Apart from its economy, the flame arc has an additional 
advantage in that both carbons are arranged to point downwards 
in a Veo, Fig. 79, and the cone of shadow produced by the lower 
carbon in an ordinary lamp. Fig. 80, is avoided. The tendency 
of the flame to creep upwards is checked by an clectxo-magnet 
between the carbons, which repels the flame so that it forms 
^ Soieme Progreas* 
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a downward curve. These lamps are only made in large sizes. 
They are never less than 1000 candle-power, and are frequently 
two or three times as powerful. 


INCANDESCENT ELECTBIC LAMPS 

The first practical incandescent lamp was the successor of 
numerous attempts to produce li^t by passing a current through 
a fine metal wire. De Moleyn suggest^ enclosing the wire in a 
glass globe from which all the air had been exhausted, and an 
American named Starr co-opcratod with an Englishman named 
Bang to construct a lamp with a slender rod of carbon. The 
final success was achieved by Thomas Alva Edison and James 
Wilson Swan, of Newcastle— another fertile English and American 
combination. 

The filament or fine thread was originally a fibre of bamboo 
which was carbonised by heating in a closed vessel with char- 
coal. This was cemented to the ends of two pieces of platinum 
wire which were fused m one end of the glass globe, and served 
to convoy the current to and from the filament. After these 
wires are sealed in, the globe is exhausted by connecting the other 
end to an air-pump, ^on the required degree of vacuum has 
been obtained the bulb is sealed up. The use of platmum for 
leading-in wires is based upon the fact that it has the same rate 
of expansion as glass, and the joint will not, therefore, crack 
on cooling. 

The filaments of modem carbon lamps are not bamboo. 
Cotton-wool is made into a paste with zinc chloride, which 
dissolves it, and is forced through a fine hole into a mixture of 
alcohol and hydrochloric acid. The liquid jet is thus converted 
mto a tough thread, which is dried, cut into suitable lengths, and 
wound upon carbon blocks of the shape it is intended to assume 
when complete. The blocks are packed in powdered charcoal 
and heated to a high temperature, which makes the filaments 
hard, black, and shining. They are joined to the platmum 
leads by holding the filament and wiros in contact and dipping 
in benzine while a current is passed. The rise in temperature 
at the bad contacts causes decomposition of the benzine, and 
the deposition of carbon round the joint. The fiJament is then 
made uniform by heating in an atmosphere of benzine vapour. 
The thinner portions become overheated and carbon is again 
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deposited. The rest of the process has booa described in connec- 
tion with bamboo filaments. 

The Bdi-Swan and similar lamps held the field for nearly twenty 
years, but during the past fifteen some formidable rivals have 
appeared. The first of those was the Nernst lamp, introduced in 
1898. It consists of a thin rod of the same metallic oxides 
as arc employed in the incandescent gas mantle, but includes 
complications not met with in any other t 3 rpe of incandescent 
electric lamp. The rod offers a very high resistance in the cold, 
and the current when it enters the lamp passes first through a 
platinum wire spiral which is coiled round it. The heat from 
this raises the temperature sufficiently to cause the rod to glow. 
But as the temperature rises, the resistance falls considerably 
and less current is required. The excess is disposed of by con- 
necting a piece of iron wire to the two ends of the rod, through 
which the uimecessary current is shunted. 

The year 1905 saw a revival of metal filament lainjis, for which 
platinum had been found unsuitable, owing to its low melting- 
point, twenty years before. The first was the Osmium laujp, 
but the wire is so brittle at orduiary tempernturos Ihat it was 
soon replaced by an alloy of osmium and tungsten, called osram. 
This wire, again, is not flexible, and is made in short horseshoe- 
shaped threads which are joined end to end in series. About 
the same time Siemens and llalske brought out the 'J’antalum 
lamp, and this was from the first a genuine success. As an insiauco 
of the imrccordcd tragedy which often lies behintl discovery 
and invention, the writer may mention that he knew a prospector 
who was rendered a helpless cripple by rheumatism accjuircd on a 
journey which resulted in a rich find of tanhilum ore just before 
its value for incandescent lamps was proved. 

A disadvantage of the Tantalum lamp is the great length of 
wire which is necessary in order to offer sunicient resistance to 
the current, and numoroiis efforts were made by lamp manu- 
facturers to discover another material. The mtdhod of obtaining 
wire is to draw a thin rod through a series of oonicjil holes of 
gradually decreasing size in a hard steel plate, or through similar 
holes in diamonds. The high melting-point of tungsttsn was 
in its favour, but the difficulty was to obtain a drawn wire 
sufficiently thin and flexible to permit of a considerable length 
being coiled inside a small globe. But, as Moissan had stated, 
as a result of his researches with the electric furnace in 1892 (see 
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Chapter IX) that zoalleable tiingsteii could he obtained, persistent 
efforts were made in that direction, and have been crowned with 
success. 

According to an account in the Electridm of August 26th, 
1913, Messrs. Siemens and Halske first tried an alloy of nickel 
and tungsten containing 6 per cent of the former metal. This 
was rolled into a rod 1 mm. in diameter, then drawn through 
steel and diamond dies, and the nickel distilled off in a vacuum. 
Later they were successful by a process described in their 
English Patent of 1907. Compressed blocks of tungsten powder 
were raised to a white heat in a vacuum, when the particles 
“ sintered ” together by semi-fusion. 

A year earlier, in 1906, the General Electric Company of 
America took out a patent under which tungsten powder, 
tungsten oxide, and glucose are compressed and squirted through 
a hole into the form of rods 5 mm. in diameter and 20 mm. long. 
These are heated to 1000° C. in a vacuum to decompose the 
glucose and oxide, and then to a point just below the temperature 
of fusion of the metal. The rods are then rolled and drawn 
while hot, the heat for the latter process being supplied by an 
electric current passing diametrically through the wire at the 
die. 

Almost every year now sees an improvement in these lamps 
by one or other of the numerous makers who are engaged in their 
manufacture. As a further example of the number of details 
which arc considered in the design and manufacture of such a 
familiar object, Fig. 81, which embodies the claims made by 
the British Thomson-Houston Company in respect of their 
Mazda lamp, may be studied. 

A new type of lamp which promises to carry tlic evolution of 
lighting a stage further, will have been placed on the market 
before this book issues from the press. It is known as the 
“ half-watt ” lamp, and is a metal filament lamp which will invade 
the field hitherto commanded by the arc. The filament is of 
tungsten and is closely wound. The globe is filled with nitrogen 
at about two-thirds the pressure of the atmosphere. Usually 
if a metal filament lamp is not sufficiently exhausted, it becomes 
very hot when in use ; but this defect has been overcome in 
the new lamp by making the globe unusually largo and keeping 
the closely wound filament as low as possible (Fig. 82). It is 
stated that 5000 candle-power or more can bo obtained, and at 
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present nothing less than 300 candle-power is to be manufac- 
tured. These will prove powerful rivals to arc lamps for outdoor 
lighting and the illumination of large buildings, for, apart from 
first cost, they will effect an enormous reduction of labour in 
maintenance. 

The effectiveness of filament lamps for different purposes 
varies with the form of the incandescent thread. For use in 
a lantern, a light of the highest possible intensity, concentrated 
in the smallest possible area, is required. The Nemst lamp comes 
very near to this ideal because the glow is distributed along a 
fairly short, thick line. In long filament lamps the wire is some- 
times made with the coils very close together to secure a suitable 
effect. But for the ordinary lighting of rooms the light should be 
distributed as much as possible. The ordinary metal filament 
lamps suffer from the fact that the filaments are end on to the 
lower part of the bulb ; they are excellent for side lighting, but 
if used for top lighting should be provided with a globe to dis- 
tribute the light. While all globes cut off some light, they serve 
a useful purpose in destroying the glare which results from an 
intense light concentrated in a thin wire. The ideal method of 
lighting is by diffusion from the walls and ceiling of the room. 

VACUUM-TUBE LIGHTING 

An interesting lamp which has been introduced in recent years, 
is the Cooper-Hewitt Mercury Vapour lamp. If a high-tension 
current of electricity is passed though a partially exhausted 
glass tube, the air or other gas within glows with a soft light, the 
colour depending on the gas or gases present. In the Cooper- 
Hewitt lamp, a tube has an iron electrode at one end and mercury 
in a small reservoir at the other. The current is switched on 
and the tube tipped so that a stream of mercury reaches from 
the reservoir to the iron electrode. When the level of the tube 
is restored the mercury flows back, the circuit is broken, and the 
arc which is formed is immediately converted into a greenish 
glow which fills the whole tube. Two forms are made, one in 
which the tipping of the tube is effected automatically as soon 
as the current is switched on, and the other in which the tipping 
is effected by hand. The former is illustrated in Fig. 83. The 
eflSicienoy of this lamp has recently been increased by the use 
of quartz instead of glass for the tube. Quartz is rock crystal — 
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hard, strong, and requiring the oxyhydrogen blowpipe to fuse 
it. The amount of light produced is greater as the temperature 
and pressure of the mercury vapour is increased, and higher 
temperatures and pressures are produced than would be possible 
in glass tubes. As quartz is extremely transparent to ultra- 
violet rays, a much greater proportion of these are emitted, 
and though this is not good for the eye it is admirable for photo- 
graphic work. On the other hand, the light is whiter, has less 
of the greenish colour which is so characteristic when glass tubes 
are used, and the lamp itself is shorter (see Fig. 84). 

A special manufacturing difficulty arose in fixing the electrodes. 
For this purpose it is necessary to use a material which expands 
on heating at the same rate of the material of the tube. For 
glass tubes platinum possesses the requisite property, and the 
iron electrode was attached to the platinum before it was fused 
in. But quartz expands at only one-twentieth of the rate of 
platinum, and to have employed this metal would have resulted 
in fracture of the tube on every occasion. 

The problem was solved by the use of invar,’* an alloy of 
steel and nickel, discovered by M. Guillaume, which has a rate 
of expansion very little greater than that of quartz. Unfortu- 
nately invar undergoes an alteration of properties at a red heat, 
and cannot therefore be fused in. The method adopted is to 
grind a tapered rod of invar into a conical hole in the tube 
and to fix this in with cement. 

The most beautiful and effective system of lighting, however, 
is that devised by Mr. Moore, an American. A high-tension 
current of electricity is passed through a tube containing a gas 
at low pressure, and the whole tube is filled with a glow, the 
colour of which depends upon the nature of the gas. With air 
the colour is rosy red, with nitrogen yellowish red or golden, 
and with carbon dioxide it is white. The tube is If inches or 
more in diameter and it may be of any length up to 200 or 300 
feet. An excellent example is to be seen in the escalator tunnels 
at the Liverpool Street Station of the Central London Kailway, 
to the manager of which the author is indebted for pariiculars. 
The tube is fed by a 3-phase alternating current of 17,500 volts, 
and the total length is 274-8 feet. The candle-power is stated to 
be 55 per yard, and the consumption is from 1-3 to 1-7 watts 
per candle. 

For internal lighting the tube is arranged on the ceiling and 
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gives an illumination which is admirably distributed. With 
an ordinary source of light the intensity varies inversely as the 
square of the distance, becoming one-quarter at twice the distance, 
and one-ninth at three times the distance. In the case of the 
Moore light, however, the intensity varies inversely as the 
simple distance, being one-half at twice and one-third at three 
times the distance from the tube. The greatest disadvantage 
is the high voltage required — not less than 5000 as a rule, and 
this at present efEectively prevents its adoption except in certain 
circumstances. 

The contrivance is not quite so simple as it appears at first 


Moore Tube 



sight. In addition to a transformer to give the high-tension 
current from the low-tension supply there is a valve for auto- 
matically adjusting the vacuum. This is a very ingenious 
device, and is rendered necessary by the fact that the discharge 
tends to increase the vacuum and a small quantity of air must 
bo admitted. A narrow branch tube from the lighting tube, 
see Fig, 85, is bent twice at right angles so that the open end 
is upwards and surrounded by a small bath of mercury. The 
end of this branch is closed by a carbon plug which is sufficiently 
porous to allow air to flow through it, but is sealed when the plug 
is covered with mercury. The altoation of the level of the 
latter is effected by raising or lowering a glass tube, the lower 
end of which dips into it. The upper end of this tube contains 
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a bundle of iron wires and is surrounded by a coil of wire so con- 
nected that as resistance of tbe gas in the main tube varies, the 
tube is sucked out of or pushed into the mercury. For about 
one second in every sixty the tube breathes in this way, and the 
proper degree of vacuum for the greatest efficiency is obtained. 

In few matters is the steady growth in efficiency so strikingly 
shown as in the improvements in electric lighting during the last 
twelve years. The old arc lamp with solid carbons required, as 
we have seen, about IJ watts for each candle-power and the 
enclosed arc still requires 2-3. Even allowing for the cost of 
labour and renewal of carbons this was able to compete with 
gas for outdoor lighting where a powerful illuminant was required. 
The yellow flame arc takes only 04 watt per candle, and is 
therefore three and a half times as efficient, and the red and 
white flame arcs are twice as efficient as the older lamp. 

The old carbon filament required about 4 watts per candle, 
and was much more expensive than gas. But the Osram lamp, 
talcing about 1-3 watts, brought domestic lighting by electricity 
below the cost of gas for the first time. The cheapest light 
of all, however, is that from the Westinghouse Cooper-Hewitt 
Mercury Vapour lamp in a quartz tube, which only requires 
about 0-2 watt per candle. 

' If a watt could be converted wholly into luminous energy it 
would produce no less than 56 candle-power. Against this the 
quartz mercury vapour lamp can only show an efficiency of 
10 per cent, and the most effective type of filament lamp an 
efficiency of 5 per cent. Most forms of lamp give not only light, 
but heat ; what is needed is a relatively cold light, but so far no 
method of making a solid substance glow without heating it 
(except very faintly as described in Chapter XX) has yet been 
discovered. 

In a vacuum tube the particles are caused to glow at a relatively 
low temperature, and if some method could be devised of so 
exciting the atoms (or electrons) that the bulk of their energy 
gave rise to luminous waves, the problem would bo nearer 
solution. The Moore light and mercury vapour lamp are the 
nearest approaches to the desired end, but both have dis- 
advantages for domestic lighting. 

In this connection it is perhaps worth while recalling some 
experiments performed by Nikola Tesla about 1892. By the 
use of current alternating with extreme rapidity he electrified 
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the space between two metal plates some distance apart, so that 
vacuum tubes placed between them glowed brightly. These 
experiments were referred to in a humorous speech by the late 
Professor W. E. Ayrton, in which he made a suggestion to the 
effect that street lamps might in future be abolished and a 
vacuum-tube walking-stick serve to light the way. Continuing 
in the spirit of prophecy, he looked forward to the time when 
fires and smoke would disappear ; when a man would be able to 
bask in the rays of the electric field, recline on the graceful 
curve of an equipotential surface, and rest his feet upon a fender 
composed of horizontal lines of force. 

ELECTRIC HEATING 

When a current of electricity passes through a conductor 
heat is produced, and the greater the resistance offered to the 
passage of the current the greater is the proportion of the 
electricity which is converted into heat. The arc and filament 
lamps, which have already been described, are illustrations of 
this fact, though in those cases the heat is desired only in order 
to raise bodies to the temperature at which they produce the 
greatest amount of light, and the heat formed at the same time 
is so much waste. 

But while the problem of obtaining a greater amount of li^t 
from a given amount of electrical energy has so far proved a 
matter of difficulty, there is no trouble in converting a large 
quantity of electricity into heat. Moreover, there is an absence 
of smell, smoke, and ash inseparable from coal and almost in- 
separable from oil, together with a possibility of regulation and 
adjustment that renders heating by electricity of particular 
value. For as the heat product in any part of the electric 
circuit is proportional to the square of the current, the resistance, 
and the time, the mere movement of a switch which throws 
extra resistances into or out of the circuit, will regulate the 
temperature to a nicety impossible with flame. 

Attention will be drawn to the use of the electric arc in weld- 
ing, in Chapter VIII, and the whole of Chapter IX is devoted to 
the great range of manufacturing processes in which the electric 
furnace is now employed. Consideration will therefore be con- 
fiined in this section to some of the domestic applications. 

The material in which the heat is produced may either be a 

I 
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thin -wire or strip of metal having a high resistance, or a fabric 
composed of metal and asbestos, or a thin metallic film deposited 
upon a strip of mica, or rods of carbon which have been coated 
with a preparation that prevents oxidation. Of the many types 
available for heating rooms we have selected one manufactured 
by Messrs. Eerranti, Ltd. In this the heat is produced in a 
strip of metal, wound in a flat spiral, and resting on a disc of 
asbestos board. The two are enclosed in a brass box and faced 
with a disc of quartz. The box with its quartz window is fixed 
in a suitable mount (see Fig. 86) and the bright glow gives 
some indication of the heat produced — ^an indication which 
may be confirmed by lighting a strip of paper or toasting a 
slice of bread at the quartz window. Connection is made by 
flexible cable and plug, so that the heater may be readily moved 
about, and the reflector can be turned so that the heat can bo 
directed as convenience requires. 

This heater in its circular metal case forms a “ unit ” which 
can be used in several ways. Fig. 87 shows a stand which will 
hold one in the top and another in the side — ^the former being 
suitable for boiling a kettle or small saucepan. Q'his box type 
is intended more particularly for nurseries or sick rooms. Each 
unit consumes 1000 watts per hour, which at the price usually 
charged for lighting current would be fourpcnce. In some places, 
however, the charge for such purposes is only one penny. 

The same kind of unit fixed in an iron plate forms a boiler 
capable of performing the same service as a ring gas-burner. 
The disc is 7 inches in diameter, and is made either as a single 
heat unit or a double heat unit. The former contains a single 
spiral, the latter two spirals, and two temperatures are therefore 
attainable. One pint of water can be raised to the boiling- 
point in 7 J minutes, starting all cold. If the unit is fixed beneath 
a cast-iron spider it is suitable for grilling, and is hot enough 
for use within minutes of the current being switclied on. 

Similar units may be arranged to form a small stove containing 
boiling and grilling units, and capable of cooking a breakfast for 
four persons in 20 minutes (Fig. 88). A complete electric cooker 
on this principle is shown in Kg. 89. This contains throe units 
together with shelf-racks, shelves, etc., an observation window 
in the oven door, and a small lamp which enables progress to be 
watched without lotting in cold air. A thennometer is also 
fixed in the door so that the temperatures can be read. Messrs. 
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Ferranti state that the temperature required for milk puddings is 
about 200° F., for joints about 350° F, to 400° F., and for some 
kinds of pastry which need browning, 500° F. How many cooks 
know these facts ? And how in any but an electrical oven is it 
possible to secure and maintain a definite temperature 1 The 
temperature rises after the current is switched on to 200° F. in 
16J minutes, 300° F. in 25 minutes, 400° F. in 36 minutes, and 
500° F. in 43 minutes with all the units in. Two heating units 
will maintain a constant temperature of 350° F. and one a 
temperature of 230° F. When boiling water the current may be 
switched off immediately the kettle begins to sing. 

Among the numerous domestic heating appliances to be seen 
to-day in the shop windows are electrically heated irons for the 
laundry. This, again, is a case where careful regulation of the 
temperature is desirable to avoid scorching. Another interesting 
appliance is a kettle in which the heating spiral is fixed to the 
inside of the lid, while the connection is made with a flexible 
cord to a wall plug. The kettle can be hung up or placed on a 
mat on the table, or on the floor, until it boils. Several of the 
writer’s acquaintances use an electric toaster on the breakfast- 
table, and find that the pleasure of really hot fresh toast is well 
worth the sixteenth of a penny per slice which the process costs 
them. If this method were general — ^and it might easily become 
so — ^thc miniature trident or toasting fork will one day occupy 
an honoured place in a museum of antiquities ! 

On a larger scale are the electric or radiant heat baths which 
are so beneficial for rheumatism in the joints. The patient lies 
on a padded couch and is covered with a padded lid, with only 
his head and face visible. At various points this shell has 
openings in which are fitted electric radiators, which pour their 
genial rays u])on the distressed limbs and cause that copious 
perspiration which oases the pain and lessens the stiffness. Such 
baths are included in the electrical equipment of the great 
White Star Liner Olympic, Down in the engine-room the 
engines are throbbing witli steam raised by coal, and the radia- 
tions which they are sending to the patient are the sunbeams 
which fell upon the earth in past ages, have been stored up for 
countless years, and are now liberated for his benefit. 

We cannot close this chapter without emphasising again the 
fact that the final achievement of applied science is cheapness. 
The more efficient metal filament lamp, if used merely to replace 
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the carbon lamps, would have hit the electric supply companies 
hard. But, as a matter of fact, cheapness increases the number 
of consumers, and the whole tendency of scientific discovery and 
invention is to increase the comforts and conveniences of a 
greater number of people. At first some commodity may be 
scarce and expensive, but the engineer, the chemist, the scientific 
manufacturer bring their minds to bear upon its production, 
and from a luxury to be enjoyed only by the rich it becomes 
almost a necessity within the reach of the very poor. In this 
way, fine linen and silk, lace, many kinds of food (see Chapter 
X), the electric light, comfort and speed of travel, and a 
host of other results of invention, are enjoyed by people who 
formerly regarded them with hopeless longing. The industrial 
history of the last hundred years, rightly read, is a long series of 
such examples. And if this progress has not lightened burdens, 
nor lessened misery and want, it is not the fault of scientific 
men who are working out human destiny, but of legislators 
and administrators who have failed to realise the trend and 
meaning of the age in which they live. 


CHAPTER VII 

SPEED AND ECONOMY IN EACTORY AND WORKSHOP 

It is a trite saying that “ we live in a mechanical age.” Every 
operation ordinarily performed by man that can be carried out 
by a machine is handed over to the care of whirling wheels, 
rocking levers, and rolling teeth. The numerous electric laundries, 
machine bakeries, and pcnny-in-the-slot machines add their 
evidence to the bicycle and the motor-car. And the applications 
of machinery in manufacture and daily life arc becoming so 
numerous that the smaller stops of progress escape observation. 
For this is an age less of crude and obvious progress than of 
delicate refinenients. The newspapers frequently announce that 
an increase in the price of raw material has prevented some 
company paying a dividend, or has raised the price of some 
manufactured article. But it is rare to see the announcement 
that an increased dividend or a decreased price is due to some 
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small piece of ingenuity, some secret wrested from Nature, or 
some trick performed with Nature’s laws. 

While it would be impossible in a book of this size to notice 
a tithe of the contrivances by which time and labour are saved, 
and greater accuracy secured, in modem workshops, it would be 
equally undesirable to ignore altogether the general progress 
which has been made during the last twenty-five years. But 
it will be clear that the examples must be chosen because of 
the generality of their application, the striking character of the 
scientific principles involved or the results achieved, or the 
extent to which they represent the magnitude and power of 
human effort. 

Let us therefore consider first some ways in which time and 
energy are economised in the workshop. 

ECONOMY m ENGINEERING WORKSHOPS 

Most workshops are equipped with long lines of overhead 
shafting from which the machines below are driven by belts 
and pulleys. This has to rotate continuously whether one or 
fifty machines arc working : the power required to drive it and 
the wear and tear arc practically the same for one machine as 
for all. The belts require regular attention, and if one breaks the 
machine is idle. Should the main belt give way the whole of 
the work comes to a standstill. This applies not only to engineer- 
ing workshops, but also to all factories whore machinery is em- 
ployed. For instance, in the textile factories it has hitherto 
been the custom to efiect the main drive from the engine by 
ropes working in grooved pulleys, and to drive the machinery 
from the main shafting by leather belting. A glance into many 
shops reveals an overhead mass of whirling wheels and a veritable 
forest of bolts. 

The practice is rapidly gaining ground of usir^ electrical 
power, and driving each machine by an independent electro- 
motor. When the machine is not working no current is used, 
and at any time only so much is consumed as is necessary for 
the work in hand. The cumbrous method of altering the speed 
of a machine by a belt and stepped or cone pulleys is then un- 
necessary, the mere adjustment of a lever being sufficient to 
alter the speed. During the past two years or so the textile 
factories of Lancashire, which have hitherto held aloof, have 
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begun to adopt the method, and thousands of small electric 
motors of from | to 1 horse-power have been installed. 

There is a manifest advantage in a large works where the 
various shops are spread over a wide area. For obvious reasons 
it is desirable to keep all boilers as near together as possible, 
and where steam-engines are used the concentration of the 
boilers leads to groat waste of heat in the pipes conveying the 
steam to the engines. In a scattered works of this kind gas- 
engines can be used with advantage, but the better plan is to 
use steam or gas-engines to drive d 3 Tiamos in a central power 
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station, and to distribute the electricity along slender wires to 
the various departments. 

Another source of expense in connection with overhead 
shafting is the maintenance and repair of the bearings. The 
older types required frequent adjustment and renewal, and had 
slung below them unsightly drip tins to catch the oil which 
leaked from the ends. The modern shaft-bearing, of which 
one example is shown in Fig. 90, is not only constructed 
of better materials, but is capable of closer adaptation to the 
line of shafting. It is adjustable in a vertical direction to 
allow for differences in level or settling of its supports, and 
its horizontal direction can be altered to coincide with the 
axis of the shaft. Moreover, it is fitted with an automatic 
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arrangement known as a ring oiler, which not only keeps the 
shaft lubricated, but prevents drip and loss of oil. This consists 
of a ring somewhat larger than the shaft — say half an inch — ^the 
lower portion of which dips in oil contained in a circular trough 
formed on the ends of the bearing. The ring rotates with the 
shaft, carrying with it a film of oil, part of which is deposited 
on the upper side. This film spreads over the surface of the shaft 
and keeps the surface lubricated. 

Examination of a bearing for an engine or heavy machine 
will show that it consists of two parts — ^a cast-iron frame and a 
brass or gun-metal bush which is cut in half so that it can be 
adjusted for wear. In many cases the bush will be found to 
have wide grooves cut along its inner surface in the direction 
of the axis, and filled with a white metal. This white metal is 
poured in in molten condition when the shaft is in place, and 
the brasses adjusted so as to clasp it loosely. 

A little consideration will show that it is extremely .diB&cult to 
get a perfect fit between a heavy bearing and shaft, and any 
departure from true alignment will lead to excessive friction and 
wear at certain points. The white metal is one of many alloys 
on the market, called anti-friction metals. A typical anti- 
friction metal, etched and examined with the help of a micro- 
scope, will bo found to consist of hard crystals embedded in a softer 
matrix. These hard portions resist wear, while their soft bedding 
enables the metal to adjust itself to pressure. By casting it 
in grooves after the shaft is in position it soon adjusts itself to 
the surface so that the pressure and wear are evenly distributed. 
Moreover, it is at all times easily replaced at far less cost than 
would bo required to replace worn brasses. 

None of the bearings described overcome the diflS.culty that 
however well they may be lubricated the rubbing absorbs a 
considerable amount of energy. As the rolling of two surfaces 
over one another is very much easier than sliding, bearings 
are made which consist of a ring of case-hardened steel rollers 
mounted in a circular frame surrounding the shaft. Those 
offer an extraordinarily small resistance to pure rotation, but 
if there is any end movement this involves sliding and its 
attendant disadvantages. The most flexible bearing, however, 
is one consisting of one or more rings of steel balls running in a 
groove or race in the body of the bearing. Ball bearings have 
long been used for bicycles, and they foimd early application in 
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such machiues as required high speeds for small loads, or slow 
speeds and heavy loads. During the last few years, however, 
they have been applied to all kinds of li^t and heavy machinery 
at all speeds. The Hofimann Manufacturing Company of 
Chelmsford make the balls of case-hardened steel from ^ inch 
to 3 inches diameter, and in any one size the balls do not difler 
from perfect spheres or from one another by ytr.iTnr of inch. 
The works run night and day throughout the year and produce 
over a million balls every twenty-four hours. The machine 
in which they are gauged before being sent out is shown in 
Fig. 91. 

A beautiful example of a hanging bracket made by this com- 
pany is shown in Pig. 92. This is capable of adjustment verti- 
cally, and the single ring of balls allows of adaptation to the line 
of shafting. The bearings can swing sli^tly, but this can be 
prevented when necessary by the set screws shown at the right 
hand of the elevation. In a series of tests conducted at the 
National Physical Laboratory one of these bearings was com- 
pared with two others — one an ordinary hanger with needle 
lubricator, and the other fitted with ring oiler. The results are 
set out in the table given below. 



Standard Plain Hanger. 

“Hoffman” Ball 


With Needle 
Lubricator. 

With Oil Ring 
Lubricator. 

Bearing Hanger 
(Patent). 

Starting 

Effort. 

830 in lbs. 

770 in lbs. 

i 

0«9 in lbs. 

Kevs. 

per iniuiito. 

Coefficient of Friction. 

80 

6 

•016 

•0013 

130 

•016 

2 

•0014 

250 

•016 

*013 

•0015 

600 

•017 

•012 

•0016 


Another interesting form of ball bearing is made by the 
Skeffko Ball Bearing Company of Luton. The balls are of steel 
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hardened throughout and are contained in a cage (Fig. 93) of 
pressed steel or phosphor bronze so shaped that two rows of 
balls occupy very little more space than one row. A very large 
bearing arranged to take up an end thrust in a shaft 18 inches in 
diameter is illustrated in Fig. 94. Comparison with the man 
standing behind will give some idea of the size. Both types of ball 
bearing illustrated are employed on agricultural and textile 
machinery, paper-making, steam and gas-engine governors, 
petrol motors, small marine propeUors, motor and other wagons, 
tramway axles, electrical machines, and almost every type of 
machine that is made, with an average saving of nearly 20 per 
cent in the power required. 

In transmitting motion to a machine, or from one part of a 
machine to another, toothed wheels are frequently employed. 
The wheels may be made of cast iron or steel, and the teeth 
cast or out in the same niaterial, or made of wood, raw hide, or 
other material which reduces noise and shock. The aim in 
designing wheel teeth is to secure rolling between the teeth in 
contact, and there are several beautiful devices for shaping 
the surfaces. As a mechanism, toothed wheels are older far than 
the steam-engine, so we shall say nothing further about them 
here beyond the remark that they have recently come into use 
for ship propulsion. Attention is drawn elsewhere in the book 
to the fact that the Hon. C. A. Parsons has succeeded in cutting 
gearing that transmits 98 per cent of the power supplied to it, 
and is very nearly noiseless in action. The method by which a ' 
relative absence of noise has been secured is interesting. 

The method of cutting the teeth is to fix the blank wheel to 
a table which is rotated by a worm. As the table rotates, a 
cutter carves out the spaces between the teeth. Any small 
error in the machine was found to recur at regular intervals, 
so that it accumulated at certain parts of the wheel being formed. 
The Hon. C. A. Parsons overcame this difficulty by fibsing the 
blank wheel upon a second table which had a “ creep ” of about 
1 per cent over the first. The main table was then rotated 
about 1 per cent slower, and the inaccuracies inherent in the 
gearing of the machine were distributed evenly over the new 
wheel. 

It will be clear that in the case of belt driving, if there is to 
be much diSerence between the speeds of two shafts, a con- 
siderable distance between them is absolutely necessary, or such 
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a small portion of the rim of the smaller pulley will be gripped 
by the belt that much slipping will occur. On the other hand, 
toothed wheels become unnecessarily large when the shafts 
are far apart, and they are liable to be noisy. The method 
first used extensively on bicycles, in which a chain passes over 
two toothed wheels or sprockets, is much more elastic in regard 
to distance, is free from any possibility of slip, and can be made 
to work at least as silently as any other device for transmitting 
power. While chains are still used in enormous quantities for cycles 
and motor-driven vehicles, they are rapidly gaining ground in 
workshops and factories, not only for small, but for large powers. 
Ten years ago chains to transmit 50 horse-power were rare ; 
to-day they are made to transmit 600. They arc used to 
communicate power from motors to overhead shafting, and 
from overhead shafting to machines of all kinds — ^lathes, drilling, 
planing, and shaping machines, drop hammers, textile, wood, 
working, and printing machines, pumps and blowers. Moreover, 
they are used to transmit motion from one part of the machine 
to another, for regulating the feed, and driving the pump which 
supplies lubricant to the cutting tool. 

The type selected for description is that made by Hans 
Renold, Limited, of Manchester, who consider that by the use 
of chains instead of belts in their own worlcshop they save 
£600 a year. Among the advantages which arc claimed for this, 
in common with other makes, arc absence of slip and more 
regular feed, saving in power and in wages of attendant, greater 
output, loss wear and tear on machines and tools, a saving of 
space, less noise than toothed gearing, and longer life than 
belting under unfavourable conditions. 

The three typos made are shown in Figs. 95 and 96, while Fig. 
97 shows how the silent chain ciigagcs the teeth of the sprocket 
wheel. The silent chain will run at a speed of 1260 feet per 
minute, the roller chain at from 400 to 900 foot per minute, 
and the block chain at from 200 to 500 feet per minute, but these 
speeds are frequently exceeded. The chains are made to transmit 
from I horse-power to 600 horse-power in the first case and 100 
horse-power in the other two. 

The extent to which this method of driving machinery is 
increasing will be understood from the statement that apart 
from those intended for cycles and motor-driven vehicles, this 
one firm sold suflicient to transmit over 40,000 horse-power 
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in 1909 and over 50,000 horse-power in the first six months 
of 1912. 

Apart from actually transmitting power these chains are 
used for several other purposes, which it will be interesting to 
mention here. A special roller chain is employed to convey 
the table of a printing machine to and fro at high speeds ; another 
with specially shaped links to hold and carry tj^pe ; a third with 
blocks having raised numbers between the links for numbering 
articles ; and a fourth, with links so constructed that it will 
bear compression, is used for ramming home the shells in breech- 
loading artillery. But probably two of the most interesting 



Fig. 97. Diagiiam to Show Action of Silent Chain. 

examples are illustrated in Eigs. 98 and 99. The first of these is 
a mortising machine, and the illustration shows how the chain, 
which carries cutters on every link, is made to rotate round a 
frame, while it is pushed endwise into the wood. The front 
portion of the block is removed to show the shape of the mortise. 
Compared with the tedious process involving the brace and bit, 
hammer and chisel, the machine is marvellous in the speed and 
accuracy with which it performs the operation. 

The second figure shows the ingenious coal-cutting machine 
invented by Mr. Austen Hopkinson. Here the problem is to 
undercut the seam of coal so that it can be more easily removed 
by blasting or the pick. It consists of a block chain passing 
round two large sprocket wheels. The blocks are specially 
designed to carry tool holders, and can easily be detached from 
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the chain for renewal. As the wheels revolve, the cutters rip 
out the coal in the same way as the teeth of a saw. 

There are perhaps a few cases in which the elasticity given by 
a belt — and more particularly the ease with which it is thrown 
ofi — ^render it more desirable than a chain drive. An engineer 
of the writer’s acquaintance tried a chain on a coal-breaking 
machine, and found it so effective that when, as he put it, a 
curbstone got amongst the coal, some damage was done. 
Formerly such an occurrence merely threw the belt off and saved 
the crusher from injury. Whore chain drives are employed for 
a pulsating load such as pumps, special spring sprockets are 
used. These have a rim separate from the boss, held in place 
by springs which allow of a little play between the two. There 
is no doubt that under suitable conditions chain driving is a real 
economy, saving power, increasing speed, and raising the output 
of the machines. 

Not infrequently a piece of machinery or a length of shafting 
needs to be started or stopped immediately, and for this 
purpose a clutch is required. Thus, suppose a line of shafting is 
in two portions, one connected with a source of power and the 
other to a machine, then the object is to have some sort of 
connection which can be made or released at a moment’s notice. 
This is often accomplished by fiviug a disc with teeth on its 
face at the end of the power shaft, and providing a similar disc 
at the end of the driven shaft. The second disc is capable of 
sliding along, but must turn with its shaft. In this case the 
engagement of the two discs cannot bo effected without jerk, 
and is almost impossible at high speeds. A common plan is 
to replace the first disc by a drum open at the end and with the 
inner surface of the rim bevelled. The other disc then has the 
outer surface of its rim bevelled so as to fit, and when the two 
bevelled or coned surfaces are pressed together the one turns 
the other by friction. As a general rule the smaller or inner 
coned surface is covered with leather, which gives a more gradual 
bite or purchase. 

The most perfect type of friction clutch, however, is that de- 
signed by Professor H. S. Hele-Shaw and illustrated in Figs. 100 
and 101. Between the drums on the driving and driven shafts is 
placed a number of circular rings of, alternately, pressed steel 
and phosphor bronze. The former have lugs on their inner 
edges and the latter lugs on their outer edges, and both have a 
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Vee groove running all round them. The rings with lugs inside 
slide over a steel drum fixed to the driving shaft, and those with 
lugs outside fit inside a hollow cylinder which slides along the 
driven shaft. The rings are immersed in a bath of oil, and as 
they are pressed together the oil between them is gradually 
squeezed out, the friction increases very slowly until the plates 
become locked together, and the motion is transmitted from one 
shaft to the other. 

Very similar clutches are made with flat discs or rings, but 
this particular type has all the advantage of gradual action 
possessed by cone clutches by reason of the Vee groove in the 
rings. The friction, which is liable in ordinary cone clutches 
to cause overheating, is in this one spread over so large a surface 
as to render the heat produced negligible. Moreover, the Vee 
grooves always retain some oil, and therefore ensure perfect 
lubrication. The spring shown in Fig. 100 prevents the pressure 
between the rings being greater than is necessary to transmit 
the power. 

The Hele-Shaw clutch is very largely used on motor vehicles, 
and in this connection its perfect lubrication enables it to be used 
to regulate the speed. In some of the London newspaper oflices 
it is used to control the huge printing machines, and the great 
masses of metal and rolls of paper moving at high speed in these 
form a severe test of its efficiency. It is used by leading makers 
of motor fire-engines, for the steam pinnaces of H.M.S. Dread- 
nought^ and in numerous other instances where reliability and 
uniformity of action are a sine qua non. 

MACHINE TOOLS 

Anyone who has been through an engineering workshop will 
realise that the machines it contains can be classified in gi’oups 
according as the tool or the work moves. In the drilling and 
shaping machines holes are bored, or a plane surface is made on 
a piece of material which is fixed rigidly to the table of the 
machine. In the lathe, the boring machine, and the planing 
machine the work as a rule moves and the tool is fixed — ^perhaps 
it should be explained that a boring mill is a lathe without a back 
centre, the object being bolted to a horizontal or vertical face 
plate. There are two or three interesting scientific principles 
involved in the use of these machines, a better understanding of 
which has had an important effect on recent design. So long as 
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the cut is continuous and in the same direction it is a matter of 
very little consequence whether the work or the tool moves, and 
there are generally advantages in having a fixed tool. The 
lathe for the external surfaces of long objects and the horizontal 
or vertical boring mill for internal machining and facing short 
objects are not likely to change. In the planing machine, 
however, the object moves backwards and forwards and — 
originally — ^the cut was made only one way. A saving of time 
was effected by fixing the cutting tool in a reversible socket 
in which it was rotated automatically at the end of each stroke, 
thus cutting in both directions. But if the object is at all 
heavy a good deal of energy is wasted in starting, shopping, 
and reversing the direction of the table, and many machines 
are now made in which the object is fixed, and the tool holder 
travels backwards and forwards. But one tool cutting at 
once will not satisfy the modern demand for speed, and fre- 
quently two tools are set to work at once, one tatog a roughing 
and the other an intermediate or finishing cut. This fact is 
partly responsible for the development of the modern milling 
machine. In this the tool is a hard steel wheel with teeth 
shaped with the correct angle for cutting, while the work moves 
backwards and forwards beneath it. In one sense this disobeys 
the rule given above in which any reciprocating motion should be 
given to the lighter part. But the milling cutter moves relatively 
fast and the work slowly and with few reversals. The finish 
from a milling tool is very much smoother than that from an 
ordinary tool, because the large number of teeth following one 
another closely are wide enough to permit of overlapping. A 
smooth surface instead of a series of channels is formed. As an 
example of the work done in this way Fig. 102 shows the Acme 
screw thread, and the cutter by which it is chased at one 
operation. 

Perhaps no change is greater in workshops than the wide 
application of grinding. The most accurate work is now per- 
formed by a carborundum wheel which, spinning round at a high 
speed, tears off the metal with its thousand points and creates 
showers of sparks in its passage over the surface. From a tool 
used in the fettling shop for removing roughly the surplus 
metal on castings, the grinding machine has within twenty-five 
years become an instrument of precision, to which has been 
entrusted the most accurate workmanship that modern manu- 
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facture demands. From the thin pivots that hold together the 
links of a bicycle chain to the smoothing of an armour plate, the 
engineer depends upon the machine which is familiar to all 
through the itinerant knife-grinder. 

The efi&ciency of aU the machines which depend upon a steel 
cutter has been enormously increased since 1900. In Chapter 
VIII the discovery of high-speed tool steel by Messrs. Taylor 
and White of the Bethlehem Steel Company will be described. 
This steel enables the speed of overhead Rafting to be increased 
from 90 to 250 revolutions per minute, and raises the amount 
of metal which can be torn off per hour from 30 to 137 lbs. 
Since then a large number of other special tool steels have been 
produced, some of which owe their properties to the presence 
of vanadium, which has a most powerful influence upon the steel 
with which it is alloyed. The result is that work which formerly 
took weeks is now executed in days. 

As an example of a large modern machine tool we illustrate in 
Fig. 103 a boring mill made in 1912 by Messrs. Eichards, of 
Broadheath. Ordinarily the machine will deal with a casting 
or forging 20 feet diameter and 10 feet high, but by moving back- 
wards the uprights that carry the tool-bridge work of 24 feet 
diameter can be bored or faced. The machine is of massive 
proportions and is capable of taking very heavy outs with high- 
speed tool steel. The table is 16 feet diameter and rests upon an 
annular surface of white metal. It has teeth round the edge 
and is driven through gearing by a 50 horse-power motor. 
The speed may be varied from 0*238 of a revolution to 10*27 
revolutions per minute. A 10 horse-power motor serves to 
raise or lower the tool-bridge, and provides the quick motion for 
setting the tools. Another 10 horse-power motor moves the 
uprights along the side beds. The tool holders are balanced by 
a patent spring contrivance at the upper ends, instead of the 
older arrangement of chains and balance weights. No less than 
twelve rates of feed are provided, ranging from 0*0301 inch to 
1 inch per revolution of the table. The whole machine weighs 
about 50 tons. 

Apart from size and accuracy the greatest advance has been 
made in automatic machine tools. The material is fed in at one 
end and a whole series of operations are performed upon it with- 
out any attention from the man. In fact so little attention is re- 
quired that a man or boy can take charge of five or six machines. 
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However complicated these may appear to the uninitiated they 
are in reality very simple. They have been developed step 
by step from the original machine in which every movement 
was effected by hand. First one motion was rendered automatic, 
then a second, then a third, and so on, until the machine can do 
everything but pick up material from the floor. Thus in some 
grinding machines the plate upon which the object would 
usually be fixed by bolts and cHps is a pole of a magnet, and 
the movement of a switch holds the work in position as the 
carborundum wheel passes over the surface. In this way some 
half-dozen objects may be gripped at once, and when the process 
is complete they are instantaneously released by a single move- 
ment of the hand. 

A common type of automatic machine is one in which steel rod 
is fed in at one end and is converted into small cheese-headed 
screws with slotted heads in its passage. The separate tools 
required in the process are mounted on small carriages which 
move up to the end of the rotating rod and retreat when they 
have done their work. As the last of these cuts off the screw 
it is seized by a pair of steel fingers and transferred to a vice 
which grips it firmly while a steel saw mounted on a carriage 
advances and cuts the groove in the head for the screw driver. 

THE TRANSPORT OP MATERIAL 

Perhaps no part of modern works or factory equipment is 
more remarkable than that which transports the material from 
one place to another. All shops in which heavy articles are 
dealt with have an overhead travelling crane, which moves up 
and down and from side to side, picking up here and depositing 
there huge weights that a dozen men would be unable to move. 
While in most of these the object is slung by chains to a hook, the 
latter is sometimes replaced by a powerful magnet, which picks 
up a ton or more of iron as easily as a toy magnet picks up iron 
tacks. It is quite starthng to see one of these magnets lowered 
on to a heap of pig iron and made to pick up a dozen or more of 
pigs by a slight movement of the crane-driver’s arm. 

One method adopted both in factories and yards is to employ an 
overhead railway with a single rail. From this is suspended by 
two wheels a small cage containing an electromotor, a man, and 
a winch. The cage picks up material and conveys it expeditiously 
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to its destination. A good example is to be seen at tie Victoria 
Station, Manchester, and very complicated arrangements are 
to be found for moving barrels in modem breweries. Occasion- 
ally a similar method is combined with a hoist so that several 
floors can be served. 

Where there is plenty of floor space travelling belts are fre- 
quently employed. Thus at Messrs, Lever Bros., of Port Sunlight, 
as fast as the bars of soap are stamped they are placed on endless 
belts which convey them to the packing shop. There the band 
passes between two or more pairs of tables at each of which are 
girls who seize the bars as they pass, wrap them in paper with 
almost incredible swiftness, and hand them to other girls who 
pack them in boxes. The boxes are nailed up, placed on another 
band and transported — ^partly underground — ^to the wharf. 
Here, as they emerge in a continuous stream from a tunnel, 
they are piled up on a platform hanging from a crane, and slung 
into barges for shipment to all parts of the world. 

Broad, heavy belts or bands of this kind are used for all kinds 
of material — ^perhaps on the largest scale for coal and corn. In 
these cases they are usually called conveyors. The band is not 
always level, but often proceeds up and down hill, but some 
means has then to be taken to prevent the material slipping 
down. It often forms part of a machine. Thus in an ordinary 
thrashing machine the corn falls from the ear on to a belt which 
is violently shaken from side to side, while a blast of air from a 
fan passes over in the opposite direction to that in which the 
corn is being conveyed. The shaking causes the lighter husk 
to rise to the surface, whence it is blown away, while the com is 
carried forward on the belt and tipped into a sack. A similar 
method is used in gold-mining machinery. The crushed quartz, 
among which are fine particles of gold, is washed on to an india- 
rubber band which also has a shaking motion. The heavy gold 
remains on the belt while the coarser but lighter quartz is brought 
to the surface and washed away, 

ELECTBIC WELDING 

A neat process for joining two pieces of iron or steel, which has 
been in use to some extent since 1886, but has been developed 
considerably during the last few years, is that of welding by 
electricity. The usual process as carried on in the shops is as 
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follows : the two pieces to be joined axe connected up wilih a 
source of electricity (from a dynamo or public supply acting 
through a transformer) giving a strong current at low voltage. 
The ends grasped in sMding holders are then pressed together, 
and being rough they touch only at a few points. The resistance 
at the junction is therefore much greater than at other parts of 
the circuit, the ends are raised to the softening point, and an 
excellent joint is formed. A slight bulge round the joint owing 
to the force employed in pressing the soft ends of the rods 
together, is removed by subsequent hammering, which is bene- 
ficial in other ways. This process was devised by Professor Blihu 
Thomson, and a current of from 60,000 to 100,000 amperes at 
from 1 to 5 volts is used. The use of massive clamps prevents 
any other portion of the apparatus than the bar tmder treatment 
being overheated. 

A modified form of apparatus enables quite thin strips or 
rods — ^not more than |-inch diameter — ^to be welded ; and copper, 
brass, and practically all metals and alloys can be joined in this 
way. In the case of iron and steel it is necessary to keep the 
temperature below that at which the metal fuses, and for this 
reason considerable pressure must be used. For other metals 
the pressure need only be sufficient to bring them into contact 
as the extreme ends fuse, when the current is immediately out off. 

There are, however, other methods which are useful not only 
in the workshop, but also in the shipyard and on outdoor repair 
work generally. In one a flame arc is formed between two 
inclined carbon poles and blown forward on to the joint to be 
welded as the ends of the carbons are moved along over the 
surface. Another method is to make the object to be patched 
or repaired one pole, and to move a single pole over the defective 
portion. In these cases a rod of soft iron is often used and small 
^bs of fused iron are plastered along the joint, and afterwards 
well hammered to render the joint soHd. 

The extent to which electric welding is now employed would 
hardly be credited by those outside the workshops in which a 
wide variety of metal work processes is carried on. Thus electric 
cables, steel band saws, tyres for wheels, bicycle parts, steel 
tubing, coils of piping for refrigeration (see Chapter X) and many 
other articles are jointed by this process, in addition to repairs 
on railways and tramways, in shipyards, in boiler shops and many 
other kinds of work. 
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CASTING AND WBLDING BY THERMITE 

Another portable process that has a very wide range of appli- 
cation is the use of thermite, though probably it belongs more 
particularly to the foundry. It was invented by Dr. Goldschmidt, 
and depends upon the fact that when powdered aluminium is 
mixed with a metallic oxide and ignited, it bums with a very 
high temperature — about 3500° C. — ^removing the oxygen from 
the metallic oxide and liberating the metal in a molten condition. 
As this temperature is more than sufficient to melt every known 
metal the process can be used to make small castings of the 
rarer or more refractory metals and alloys. For this purpose a 
quantity of powdered aluminium is mixed with the necessary 
proportion of the metallic oxide or oxides, in a crucible, and a 
fuse of some material which ignites more easily than aluminium, 
which requires a temperature of 700° 0., is placed on the top. 
When the fuse is ignited the whole mass dares up, and in a 
minute or two the metal is ready for pouring. 

This process is more largely used than the electrical one for 
welding together the ends of tramway rails. In an ordinary 
railway track it is necessary for each length of rail to be indepen- 
dent of and separated from the next one, by an amount which 
will allow for expansion in hot weather. But as the rails for 
electric tramways are used to convey the current, they must be 
in continuous metallic connection. Formerly this was accom- 
plished by connecting each rail with the next one by a metal 
strip bolted on the side below the rail head. A tramway rail 
embedded in concrete and paving, however, is less likely to 
buckle at high temperatures than an exposed rail, and it is now 
the custom to weld the ends of the rails together. For this 
piupose a snoall crucible containing the powdered aluminium 
and iron oxide is fixed on a tripod stand over the rail joint. 
The paving is removed at this point and a mould is made round 
the rads. The fuse is fixed, ignited, and in a minute or so after 
the dare, a hinged bottom to the crucible is allowed to fall, and 
the metal pours into the mould below. The latter is afterwards 
broken away, and the protruding metal ground away to the 
level of the rail head. There are few towns in which this process 
is not employed when the track is being relaid, but as the repairs 
are generally carried out during the ni^t it is rarely seen by 
respectable people. 
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OXYAOETYLENE WELDING AND CUTTING 

Striking as are the results of the processes described they are 
in some circumstances eclipsed by a new tool which has been 
placed at the disposal of the engineer. This is the gas acetylene, 
to which reference is also made in Chapter IX. Formerly the 
hottest flame obtainable in a blowpipe was produced by a mixture 
of oxygen and hydrogen, which gives a temperature of about 
2000° C. But hydrogen never was cheap, and acetylene is — ^at 
any rate relatively so. Moreover, a mixture of oxygen and 
acetylene produces a temperature of 2400° C., and is therefore 
20 per cent hotter than the oxyhydrogen flame. And when after 
Moissan’s discoveries in coimection with the electric furnace 
calcium carbide, which in contact with water generates acetylene, 
came to be manufactured in quantity, engineers and metal 
workers availed themselves of the new process. For welding 
purposes the parts to be joined are heated with the flame and are 
then brou^t into contact and hammered. Or if a patch is 
being put on or corner joint made in thin sheet, the metal is 
heated and dabbed with the end of a thin soft-iron rod, much iu 
the same way as the plumber uses a stick of solder, or any of us 
use a stick of sealing wax. 

Nearly all the ordinary processes of welding can be carried 
out by this method, and a great many pieces of work which 
would be spoilt by being placed iu the smith’s fire are easily 
dealt with. Not only has it provided an alternative method of 
jointing in many weU-established forms of construction, but it 
has aided in no uncertain way that enormous development of 
mechanical practice which has taken place during the last fifteen 
years. In this and in other ways workshop practice is being revo- 
lutionised. 

But if oxyaoetylene welding is an example of progress, oxy- 
acetylene cutting is a far more startling one. If a jet of oxygen 
gas is allowed to play upon red-hot iron, the metal burns in the 
gas with brilliant scintillations. The oxide which is formed 
melts at a lower temperature than the metal, and is blown away 
almost as rapidly as it is formed. The most efiective type of blow- 
pipe for this purpose is the concentric one illustrated in Fig. 104. 
From the diagrams it will be seen that the oxyacetylene flame is 
produced at the mouth of the space between the inner and outer 
tubes, and oxygen is blown through the middle of it. When 
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such a jet is moved over the surface of sheet iron it cuts a hole 
clean through. The usual workshop methods for cutting are 
shearing and sawing. To the former there is a limit of thickness 
— ^more than 1| inches is rarely attacked — ^and the latter is slow. 
If a large hole has to he made in the middle of a sheet of metal it 
must either he hored out or a number of holes drilled round the 
margin and the piece chipped out with hammer and chisel. These 
operations are carried out with far greater ease by the ozy- 
acetylene jet, and with astonishing rapidity. An elliptical man- 
hole — say 16 inches by 10 inches — ^in a 1-inch boiler plate only 
requires four or five minutes, and an armour plate 6 inches thick 
can be cut clean through at the rate of a yard in ten minutes. 
Fig. 105 shows a large thick rectangular plate being cut to 
semicircular form by a jet moimted on the end of a radial arm. 

The extreme portability of the apparatus — ^the acetylene and 
ozygen are contained in steel cylinders — ^renders it of particular, 
value for repair work. One of the most interesting examples 
of its recent use was on a large passenger vessel — ^the Common- 
wealth — ^which had had her bows stove in and stem twisted in a 
collision. The stem and damaged plates were cut out by the 
oxyacetylene blowpipe, and a new bow was fixed within three 
weeks from the vessel entering dry dock. 

It ou^t perhaps to be stated that an oxyhydrogen jet with 
excess of osygen, or with oxygen driven throng it, will serve 
the same purpose, though the temperature is lower.* For it is 
an interesting fact that while the cost of hydrogen prevented 
its employment on an industrial scale, it has long been recognised 
and used by burglars for effecting an entry into steel safes in 
search of plunder. Such criminals could adopt a method which 
the profits of legitimate industry were too small to justify. 


CHAPTER VIII 

IXJUNDay AND FOBGIl 

The annual production of iron in the world is now 60,000,000 
tons. If this amount were rolled into a flat bar 6 inches wide 
and half an inch thick it would form a girdle that could be wound 

* Oxyhydrogen jots are uaotl by some Sheffield firms for cutting armour plate. 
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Fig. 105 — CUTTINf^ A SEMI-CIRCUI«AR PLATE WITH OXYACETYLENE BLOW PIP' 
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100 times round the earth. Rolled into a plate 1 inch thick and 
floated on the ocean, it would form a pathway 200 feet wide, 
stretching from Liverpool to New York ! 

The period since 1890 is one of the most remarkable in the 
history of the iron trade. Great Britain has increased her pro- 
duction by 15 per cent, Germany has become the second largest 
producer of iron in the world, and the United States has added 
an amount equal to the whole production of Great Britain — a 
production that has taken 130 years of solid progress to achieve. 
In 1912 Great Britain poured out of her furnaces over 10,000,000 
tons of pig iron, Germany nearly 13,000,000, and the United 
States more than 25,000,000. The great American development 
has been partly due to the rich deposits of ore on the shores of 
Lake Superior, which are easily mined and produce a good 
quality of metal. Though discovered in 1846 the difficulties 
of transport made it impossible for the iron-masters of Pennsyl- 
vania to use them for thirty years. It was not until the Sault 
Ste. Marie and other canals brought the great lakes into navigable 
intercommunication that these vast stores of raw material 
became available. 

THE MANUFACTURE OF IRON 

During the last thirty years the changes which have taken 
place in the manufacture of iron and steel have been mainly in 
the direction of improvements in quality, increase of yield, and 
economy of fuel. In order to understand how these have been 
effected it will be necessary to recall briefly how iron is reduced 
from its ore. From very early times, until the middle of the 
eighteenth century, iron ores were smelted in masonry furnaces 
with charcoal, and the necessary temperature was attained by 
blowing in air with a bellows — often worked by a water-wheel. 
After this period the use of water for blowing gave way to the 
steam-engine, which became a satisfactory source of power in 
the hands of James Watt in 1769. Coke began to replace char- 
coal in 1735. 

The ores of iron are usually oxide of iron mixed with gangue 
or earthy matter. The processes are rather complicated, and 
several reactions between the air, oxide, earthy matter, and fuel 
proceed simultaneously in different parts of the furnace. Lime- 
stone is added to form with the gangue, an easily fusible slag, 
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which floats on the suiface of the molten metal. The slag is 
tapped ofi occasionally and is conveyed to the slag tip — some 
varieties are used for repairing roads. The metal is run into 
sand moulds about 3 feet long, 4 inches wide, and 4 inches deep, 
and the resulting castings are called pig iron. A supply of ore, 
fuel, and flux (limestone) is fed in continuously at the top of the 
furnace, and iron may be produced daily for months or years. 

Greater economy was secured by the invention of Neilson in 
^1829, by which the air was heated before being blown into the 
furnace. For over thirty years this air required a separate supply 
of fuel to raise the temperature of the iron pipes through which 
,it was passed. In 1863 Sir William Siemens introduced the 
regenerative principle by which the hot gases from the furnace 
were led into one of two brick chambers filled with bricks so 
arranged as to leave open spaces or cheqvers. When this chamber 
was hot the gases were diverted through the other, and the air 
from the blowing engine was passed through the hot one. The 
chambers were therefore engaged alternately in storing up the 
heat and giving it up again to the blast. 


TUB ECONOMY OF FUEL 

Within the last twenty years economy in the production of 
iron has been further effected in two ways. One is an additional 
method of utilising the hot gases from the top of the furnace. 
The following table shows their composition in two cases — ^where 
coke and raw coal are being used : — 


Carbon monoxide (CO) . 

Cohe, 

■ 25% 

Raw Coal. 
. 28-0% 

Carbon dioxide (COj) . 

• 12% 

. 8 - 6 % 

Nitrogen (N) . . . 

. 59% 

. 53-5% 

Hydrogen (H) . 

2 % 

■ 5-5% 

Methane or Marsh-gas (CH 4 ) . 

• 2% 

. 4-4% 


The fuel most generally used is coke, but raw coal is employed 
in the west of Scotland, and a mixture of coke and raw coal in 
South Staffordshire. Charcoal, the original fuel, is still used 
in North America, Sweden, and Styria, whore timber is plentiful ; 
the gases evolved have a similar composition to those obtained 
from coke. In all cases there is a sufficient proportion of carbon 
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monoxide, hydrogen, and methane to render the mixture in- 
flammable. For each ton of coal charged into the furnace 

130.000 cubic feet of gas are produced, so there is clearly a vast 
source of power going to waste. In 1892 B. H. Thwaites suggested 
that this gas should be utilised in gas-engines, and the plan was 
put into operation by the Glasgow Iron Company in 1895. 
It is estimated that the blast-furnaces of this country yield 
sufficient gas to produce 750,000 horse-power if used in gas- 
engines, and a number of other iron-masters have followed the 
lead of the Glasgow firm. In Germany and elsewhere, however, 
progress has been much more rapid. By 1906, within ten years 
of the first installation, there were no fewer than 349 gas-engines 
developing 385,000 horse-power, and the majority of them were 
using blast-furnace gas. In the same year the United States 
Steel Corporation decided to install similar engines to develop 

150.000 horse-power — ^representii^ 10 per cent of the total 
power required. 

A further supply of gas is obtainable from the coke ovens. In 
this case, as well as where raw coal is used in the blast-furnace, 
it is becoming customary to collect the tar and ammonia, which 
are valuable by-products. The ammonia is converted into 
ammonium sulphate and sold as a manure, for which purpose it 
is worth about £12 a ton. The tar is distilled and used for oil 
fuel, disinfectants, and other purposes in the same way as the 
tar from town gasworks. 

A more recent economy relates to the removal of moisture 
from the blast. Ordinary air invariably contains water vapour 
and the amount varies from day to day. Assuming an ounce of 
water in every 50 cubic feet, and a blast of 40,000 cubic feet per 
minute, the amount of moisture entering the furnace would be 
300 gallons per hour ! While the presence of even the minininm 
quantity of water in the air may be objectionable, the variation 
is still more so, because it causes the furnace to work irregularly, 
and renders it difficult to secure a uniform quality of iron. 

Now the amount of moisture that air can retain depends upon 
its temperature. For every temperature there is a definite 
percentage of water vapour which it can hold. When this 
percentage is reached the air is said to be saturated, and any 
reduction of temperature results ia the precipitation of some of 
the moisture. Hence by strongly cooling the arc practically all 
the water can be thrown out. 
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In 1904 Mr. Gayley, of the Carnegie Steel Company, Etna, 
Pennsylvania, carried out some tests with a blast-furnace 
operated by ordinary air and by air which had been deprived of 
its moisture by cooling. The cooled air reduced the consumption 
of coke by 20 per cent, increased the yield of iron by 25 per cent, 
and efEected a net saving of 150 horse-power. The machinery 
employed to dry the gas consisted of an ammonia compression 
plant (see Chapter X) which would have been capable of 
making 225 toim of ice in twenty-four hours. 

In 1911 Mr. Gayley reported that, as a result of six years’ 
working, the average saving of fuel had been 10 per cent, and the 
average increase of yield had been 12 per cent in one furnace ; 
while in another furnace the figures were 7‘5 per cent and 23 per 
cent. Again, in the Warwick furnace at Pottsdown in the same 
State, the result of reducing the moisture in the blast bom 9 grams 
to 3-5 grams per cubic metre was a saving of 21 per cent of fuel 
and an increased output of 23 per cent on 750 tons of iron. 
Lastly, Guest, Keen & Nettlefold of Cardiff report a saving 
of from 134 per cent to 184 per cent of fuel, and a gain in out- 
put of from 14-1 per cent to 264 per cent. 

The value of the method appears to depend to some extent 
on the temperature at which the furnace is normally worked, 
and it does not necessarily foUow that it will give much advantage 
in a dry climate or under all conditions. It is claimed by those 
who have used the process successfully that the more rcgidar 
working of the furnace is in itself almost a justification. Professor 
Josef Erhenwerth calculated that the difierence in the amount 
of fuel required to produce 25 cwt. of iron in summer and winter 
owing to the difference in the amount of moisture should be 
1 cwt. In actual practice it turned out to bo f- cwt. There is 
no doubt that the cost of installing refrigerating plant is against 
its more general adoption. An estimate for the equipment for 
six furnaces at Skinningrovc is said to have been £70,000. Never- 
theless, the results which have been achieved furnish a remark- 
able example of the interdependence of industry. No man con- 
cerned with industrial development can afford to ignore the 
progress which is being made in spheres widely separated from 
his own. 
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THE NATUEE OE STEEL 

Iron exhibits a marked variation in properties according to 
the amount of carbon it contains. Pure iron is a chemical 
curiosity, produced in very small quantities in the laboratory 
for the purpose of research. The chief difficulty of obtaining it 
is the readiness with which it combines with carbon at the 
temperature of a furnace — ^in fact, carbon permeates iron even 
below its melting-point. It is this property of combining with 
carbon that gives the metal its wide range of utility. So long as 
the percentage of carbon is small the iron is soft and easily bent, 
and when two pieces are made hot and then pressed together they 
unite — ^the process is known as welding. It melts at a very high 
temperature (about 1600° C.) and passes through a pasty con- 
dition in which it can be rolled, beaten, or pressed into a variety 
of forms. 

If the percentage of carbon is increased the metal becomes 
harder, stronger, and more elastic. With a still higher percentage 
it becomes more brittle and less tough, and the melting-point is 
lowered, so that it becomes liquid at about 1100° C, Iron 
containing less than 0-1 per cent of carbon is called wrought 
iron, with from 0*1 per cent to 2-5 per cent it is called steel, and 
with more than 2*5 per cent it is called cast iron. 

Cast iron is classified according to the fracture and is termed 
white, grey, or mottled. The grey or mottled appearance is due 
to the separation of carbon in the form of graphite. It is fairly 
elastic without possessing any great tensile strength, and easy 
to work with machine or hand tools. But it melts suddenly and 
cannot be forged or rolled. 

Leaving out for a moment the properties of steel it is evident 
that here are two varieties of the same metal, differing ostensibly 
only in the carbon content, which are adapted to a wide range 
of workmanship and purpose. If tensile strength is required, 
wrought iron can be used, for althou^ the cost is high there 
are few shapes which cannot be produced by the smith. But 
if tensile strength is relatively unimportant there is practically 
no form which cannot be obtained by moulding. In all cases 
involving intricacy of outline or hollow spaces, casting is a far 
cheaper process than forging. Moreover, since the addition or 
subtraction of carbon converts the one into the other, an article 



140 


DISCOVEEIES AND INVENTIONS 


can be made by the cheaper process and then converted into 
wrought iron by removal of the carbon, a removal which can be 
effected below the temperature of fusion. 

In this process the castings are packed in iron boxes with 
haematite iron ore (EejOj) and heated in a furnace for from 
five to twelve days. The oxygen in the haematite converts the 
carbon of the castings into carbon monoxide, which passes away, 
and the castings are found to have the appearance of wrought 
iron, without, however, the fibrous structure and consequent 
strength which is induced by rolling. Many parts of agricultural 
implements are made of so-called maUedble castings. 

Now consider steel. With all percentages of carbon it has a 
higher tensile strength and is more elastic than wrought iron ; 
and it is always less brittle than cast iron. It can be forged and 
welded, but the process is more difficult as the percentage of 
carbon rises. It can be melted and cast, but with more difficulty 
as the percentage of carbon decreases. In these respects it 
resembles both wrought and cast iron, but it possesses one 
property which distinguishes it from either. If it is raised to a 
high temperature and cooled quickly it becomes intensely hard. 
Moreover, if it is heated again to a lower temperature and then 
cooled quickly a degree of hardness is obtained which depends 
upon the temperature of the second heating. This process is 
called t&mpering, and it is the fact that steel can be tempered 
which makes it so useful for tools, because the necessary degree 
of hardness can be obtained without undesirable brittleness. 

It may fairly be said that while its cheapness and wide range 
of application have, apart from its inherent qualities, retained 
cast iron in favour, the last fifty years have seen the replacement 
to a very large extent of wrought iron by steel. It was Sir 
Henry Bessemer who first showed how steel could be produced 
quicHy and cheaply, and his process was well described in the 
earlier volume. It consists essentially in burning out the 
carbon and other impurities in cast iron by forcing air through 
the molten metal, and then adding sufficient spiegeleisen (an 
alloy of manganese and iron with a high percentage of carbon) 
to produce steel of the desired quality. It is worthy of note that 
a vote arranged by the Soimtif ic A merican in 1896. as to the 
invention which had proved of the greatest benefit to mankind, 
resulted in favour of Bessemer’s process for the manufacture of 
steel. 
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In recent years the proportion of steel manufactured by the 
Siemens-LIartin process has increased, and is generally preferred. 
A longer time is required, but for that reason the process can be 
more closely watched, and any desired grade can be obtained 
with greater certainty. 

There are two other processes for the manufacture of high-class 
tool steels. One — ^the cementation process — ^is very similar to 
that already described for the production of malleable castings. 
But in this case it is the addition and not the removal of carbon 
which is effected. A pure variety of Swedish iron is packed in 
boxes with charcoal and heated for from eight to eleven days at 
a temperature of 1000° C. When unpacked the bars have a 
blistered appearance — hence the name blister steel. They are 
broken and sorted by men who have learned to distinguish the 
character of the metal from the feacture, then reheated in piles 
and hammered into bars. It should be observed that the 
absorption of carbon has been effected at a temperature hebw 
the melting-point of the metal. 

The length of time required for the process just described is 
leading to its disuse, and the next process, by which crucible cast 
steel is made, is much quicker. Wrought iron is mixed with 
charcoal and melted in a fireclay crucible. In the course of a 
few hours — ^usually about four — ^the iron will have dissolved the 
carbon, and can be cast into moulds. The ingots can then be 
rolled or pressed into the desired form. Mudi of the special 
steel which is now so important is made by melting the ingredi- 
ents in an electric furnace as described in Chapter IX. 

Some remarkable investigations have been undertaken to 
ascertain the relation between chemical composition, internal 
structure, and mechanical properties of steel. The fact that steel 
of the same composition can exist in varying degrees of hardness 
shows that the percentage of carbon alone is insuflSLcient to deter- 
mine its properties, and that much depends upon its thermal 
history — ^i.e. to what temperatures it has been heated and how 
it has been cooled. 

Let us first consider the information that can be obtained from 
chemical analysis. Grey and mottled cast iron consist of a 
white, hard substance mixed with graphite. When the metal 
is dissolved in hydrochloric acid this graphite is unaltered, but 
the gas which comes off is not pure hydrogen, but hydrogen con- 
taining some hydrocarbons, or bodies consisting of hydrogen and 
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carbon. If cast iron containing not too much carbon is melted 
and run into metal moulds it becomes ‘‘chilled” and then 
conEists of white cast iron. On dissolving this in hydrochloric 
acid there is no residue of graphite, and the carbon is all evolved 
in the form of hydrocarbon gas. Hydrochloric acid has no action 
on free carbon, and could only give the hydrocarbon gas if the 
carbon were present in the form of a compound with the iron. 
It is evident, therefore, that there are two forms in which carbon 
exists in cast iron — ^free and combined. Moreover, as the harden- 
ing property of steel is intimately connected with the presence 
of carbon, it is evident that when the percentage of it lies between 
certain limits there is some special variety or compound which is 
still to be explained. 

Our knowledge of the structure and constitution of metals and 
alloys has been enormously extended in recent years by the 
aid of the microscope. The surface of the metal is polished, 
which causes the harder constituents to stand out in relief; 
or it is treated with acids or other reagents which attack 
and destroy some and reveal those which were otherwise in- 
distinguishable. As different constituents become capable of 
identification names have been given to them, and, though the 
whole question is still in the throes of acute controversy, a 
few of the more firmly established facts and theories may be 
given. 

It has been known for many years that when a piece of iron 
is allowed to cool down from 1000° C. or thereabouts there is a 
point at which cooling suddenly ceases. The wire, rod, or strip 
glows brightly and undergoes a change of volume. Below this 
point the metal is magnetic ; above, it is non-magnetic. If the 
metal is heated, e.g. by an electric current, instead of cooled, 
the same phenomena are observed. The change was explained 
by saying that iron existed in two forms, one stable only at a 
bright red heat and the other at ordinary temperatures, and that 
the point of recalescence, as it is called, was the point at which 
the one became converted wholly into the other. More careful 
study with improved instruments for measuring temperature has 
shown that there are two points of recalescence, and it is con- 
cluded, therefore, that there are three forms of iron — allotropic 
forms is the scientific term. These are called a-iron or ferrite, 
jQ-iron, and y-iron. 

The readiness with which carbon dissolves in iron and the 
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marked effect which it has on the properties suggests that one or 
more compounds of the two elements are formed. At least one 
of these is recognised both by chemical analysis and imder the 
microscope. It has the formula FegC, and has been given the 
distinguishing name of cementite, A solid solution of cement- 
ite in y-iron is called austenite; a similar solid solution of 
cementite in a-iron is called martensite. During slow cooling 
ferrite and cementite separate in microscopic layers, and the 
hardness of the latter gives rise to a pearly appearance on polish- 
ing. Hence the name pearlite for this mixture. More rapid cool- 
ing causes separation in granules, and the mixture is then termed 
sorbite. 

The appearances under the microscope are illustrated in 
Figs. 106-110. White cast iron invariably contains crystals of 
austenite which have become changed into pearlite on cooling, 
though, if the percentage of carbon is more than 4*3, crystals of 
cementite will be formed independently. Grey cast iron contains 
graphite, pearlite, and either ferrite or cementite according as 
the carbon is higher or lower than the amoimt required to form 
austenite. The constitution of steel is far too complicated a 
matter to be pursued further in the space available. 

The theory of the constitution of steel has been the subject 
of an enormous amount of controversy, but whatever their 
explanation, the facts which have been discovered have been of 
incalculable value in enabling the steel maker and the engineer to 
understand and make allowance for the peculiarities of the 
material upon which so much depends. The safety of such a 
structure as the Forth Bridge — ^which even to-day stands as 
one of the great engineering achievements of the world — depends 
not only upon the proportions of the different members and 
upon the number, distribution, and soundness of the rivets, but 
to an equal extent upon the microscopic structure of the steel. 
In the days when it was built this was unknown or but dinaly 
recognised, and the engineers had to depend upon the behaviour 
of test pieces and take care to put in girders, ties, and struts not 
large enough as they felt, but too large. Even chemical analysis 
—now supplemented extensively by the microscope — ^was 
not in use in all works. Up to the beginning of the present 
century there were steel works known to the writer in which 
no chemist was regularly employed, and in which the simple 
necessary tests were carried out by workmen under the super- 
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vision of the manager, but with very little knowledge of what 
they were doing. The temperature of the furnaces, now known 
to be so important, was never measured. To-day steel-makers 
know and control the temperatures to a nicety. At a recent 
meeting of the Institution of Mechanical Engineers, Sir Robert 
Hadfield stated that from 3000 to 6000 measurements of tem- 
perature were made in his works per week. And when these fur- 
naces have yielded up their burden, samples of the steel are bent, 
stretched, and broken in the testing machine, analysed in the 
chemical laboratory, etched or polfihed, and examined under 
the noicroscope, which reveals their innermost secrets ; and 
before the metal goes to the engineer to be entrusted with 
delicate duty in some machine, or to play its part in a great 
structure, its every peculiarity is known. The very molecules 
have told their tale ! 


SPEOIAU STEELS 

The properties of steel are profoundly modified by the presence 
of other elements than carbon, and by the actual amoumt of 
each. In some oases the efiect is good, in others bad, and during 
the last twenty-five or thirty years an enormous amount of 
work has been done in investigating the effects. For many 
years it has been known that sulpW and phosphorus were 
deleterious, the former inducing cold shortness and the latter red 
shortness. A cold short metal cannot be wrou^t in the cold, 
and a red short metal cannot be forged. Much of the progress 
in the latter half of the nineteenth century consisted of improve- 
ments in smelting and refining which eliminated sulphur and 
phosphorus. 

The chief properties of steel which are important from an 
engineering point of view are tenacity, ductility, and hardness. 
The first of these determines the resistance to breakage by pulling 
at each end, the second determines the case with which it can 
be rolled into plates, drawn into wire or bent, and the third 
determines the resistance to wear by rubbing surfaces. A fourth 
property, at present not fully investigated, is the resistance to 
corrosion by air, water, and other fluids. 

One of the earliest substances to be alloyed with iron was 
manganese. With low carbon steels a small amount increases 
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tenacity and decreases ductility. The axles and t37res of wheels 
may have up to 1 per cent, hut a steel containing even 0*6 per 
cent would be quite unsuitable for boilers and structural work. 
In steels containing more carbon the percentage should not rise 
above 0-3. This efEeot continues with all types of steel until 
with 5 per cent to 7 per cent of manganese and 0*5 per cent carbon 
the metal is brittle. Sir Robert Hadfield has shown, however, 
that a cast-steel bar containing from 8 per cent to 20 per cent of 
manganese can be bent considerably without fracture, and his 
manganese steel is useful, but very hard and difficult to work in 
the cold. It is extensively employed for the points of tramway 
rails and in other cases where an extremely hard, and yet not 
brittle, metal is required. 

Perhaps the most widely used alloys of steel are those con- 
taining chromium, nickel, and tungsten. Chromium and nickel 
both increase the toughness, and are used largely for armour 
plate and projectiles. Tungsten steel for tools was introduced 
by Mushet in the middle of last century. It is a self-hardening 
steel which does not require to be suddenly quenched in order 
to temper it. The use of these metals has been extended in 
recent years by improved processes of manufacture. Thus Dr. 
Ludwig Mond’s processes for the production of nickel led to a 
considerable increase in the supply of that metal. But the 
most remarkable progress owes its origin to Moissan’s work with 
the electric furnace (Chapter IX). Not only chromium and 
tungsten, but titanium, molybdenum, and vanadium were 
then obtained for the first time in quantity and in a high degree 
of purity, and the electric furnace is now very generally used for 
preparing rich alloys of these elements with iron to add to steel. 

Tungsten or molybdenum is contained in the new high-speed 
tool steel. The original Mushet steel, which contained tungsten 
and was self-hardening, would out hard steel at the rate of 8 to 
10 feet per minute, and soft steel at the rate of 10 to 15 feet 
per minute for heavy cuts, and 20 to 26 feet per minute 
for light finishing cuts. Similarly a milling tool would cut 
at 30 to 40 feet per minute. In 1900 Messrs. Taylor and 
White discovered steels that would work satisfactorily at a low 
red heat. It had generally been supposed that i£ Mushet steel 
was heated above cherry redness (816® C. to 845® C.) it was 
spoiled. But they found that i£ it was heated to the point 
when the metal began to crumble when touched (1040® C. to 
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1100° C.) and then allowed to cool steadily, its hardness and 
toughness are increased to an extraordinary degree. 

Probably the most valuable substance for alloying with steel 
will be found to be vanadium. So small an amount as 0-5 per 
cent has been found to increase the tenacity by more than 50 per 
cent. There are enormous deposits of titaiuferous iron ore in 
the world which were not worked for many years owing to their 
refractory character. They are now coming into use, and steel 
containing a small percentage of titanium produces a sounder 
ingot. In this way it appears to act like aluminium and man- 
ganese in preventing segregation and the formation of blow-holes. 
It has a marked aflSbiity for nitrogen and it may act by removing 
this gas from solution in the metal. Cast iron to which titanium 
has been added has a closer grain and makes a sounder casting. 
Another element which, since the introduction of the electric 
furnace, has been found to be valuable is silicon. It plays a 
similar part to carbon, and when added to the extent of 0*35 
per cent to pure steel it produces a material very suitable for 
springs. 

The effect which the production of these special steels has had 
upon industry cannot be overrated. Combined with improved 
methods of casting, forging, and working, they are largely 
responsible for the development of the motor-car and the aero- 
plane. The main problem which required solution was a suffi- 
ciently powerful engine of small weight. So long as cast iron 
was the only available material for the framework and cylinders 
the power could not be increased without increasing the weight. 
Modem discoveries in the manufacture of steel have enabled 
engineers to produce an engine weighing little more than half 
of what would have been possible twenty years ago. 

FOEGING 

Since steel can be either forged or cast and may be run directly 
into moulds from the furnace in which it is prepared, there is 
little to say about the latter process. For small articles of simple 
character cast steel is an admirable substance ; but there are 
two diffi.culties in securing large castings. One is the tendency 
of the metal to give up dissolved gases, forming blow-holes, and 
the other is the tendency for the constituents — and particularly 
such impurities as sulphur and phosphorus — ^to be unequally 
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distributed throughout the mass. Nevertheless, large castings 
are obtained, weighing as much as 60 or 70 tons — ^the stem casting 
of the Mauretania for example. It is usual to add a small quantity 
of aluminium to the metal before pouring into the mould, 
and this is said to produce a casting freer from cavities and of 
more uniform composition. Another method is to apply hydrau- 
lic pressure to the metal directly it is poured into the mould. 
Eecently a similar process has been used by Mr. Talbot in an 
attempt to prevent segregation. A large ingot, cooling from the 
outside, retains a liquid centre for a considerable time, and the 
tendency is for certain of the constituents to concentrate in this 
central Uquid core, so that there is lack of uniformity in quality. 
The blow-holes and objectionable segregation occur in the 
upper portion of the ingot, and in gun manufacture this portion, 
to the extent of nearly one-half, is rejected. A sounder ingot 
throughout is therefore very desirable if it can be obtained. 
The process consists in appl 3 dng lateral pressure by means of a 
hydraulic press while the steel is sohdifying. Only the largest 
size ingot has been experimented with, because a small one 
cools before it can be removed to the press. With a 23-inch 
ingot there is only about 15 or 20 minutes. 

Not only is it necessary for structural purposes to have steel 
as uniform in quality as possible, but the development of the 
steam turbine has thrown a new and greater responsibility upon 
tHe steel manufacturer. The rotor of a turbine is a heavy mass of 
metal weighing several tons, spinning round at 1000 revolutions 
per minute. As explained in the chapter on the steam-engine 
enormous forces are brought into play if the centre of mass is 
not at the geometrical centre. For such work as this forged steel 
is often used and great expense is incurred in noachining that 
would be unnecessary if cast steel could be reUed upon. 

The fact that steel can be both cast and forged has brought 
together two groups of operations which were formerly quite 
separate : the foundry and forge. 

Forging is the process of hammering, pressing, bending, and 
jointing metals while they are in a hot, pasty condition. In 
that respect it differs from wire drawing, spinning, and stamping, 
in which the metal is worked in the cold, though a good deal of 
heat may be produced by friction. Metals which melt at a 
sharply defined temperature are incapable of being welded in 
the ordinary sense, though processes of jointing them will be 
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described later ; wrought iron and steel are the most important 
welding metals. So long as the surfaces are hot enough, and 
free from a coating of oxide, mere pressure will sufS.ce to form 
a joint. In order to secure the necessary cleanliness a small 
quantity of borax or something similar, which melts and forms a 
protecting covering, is dusted over the surface. Any oxide 
which has been formed is dissolved in this film and is squeezed 
out by pressure. A welded joint is improved by subsequent 
hammering. 

But welding is only one of the minor processes of forge work. 
It is mainly a manual process, and with the large masses of steel 
that are manipulated nowadays manual processes have little 
scope. The modem forge that has grown out of the mediaeval 
smithy is a huge structure that hums with machinery and 
reverberates with the thud of steam-hammers. Readers of the 
earlier volume will be familiar with the form, power, and delicacy 
of the latter tool. Vrith it the metal may be subjected to the 
lightest tap or to a blow that shakes the very ground upon 
which the building stands. It is difficult to conceive of a tool 
with such a wide range of utility passing out of use, and probably 
no forge will ever be without one. But a century is a long time 
for any mechanical device to exist in its original form, and even 
to-day steel-makers are expressing a preference for the hydraulic 
press, first applied by Sir Joseph Whitworth in the middle of last 
century, and the rolling mill invented by Cort in 17.83... 

Perhaps the most interesting process allied to the use of the 
steam-hammer is drop-forging. The anvil contains the lower half 
of a die or mould, of the shape which the metal is required to 
assume. The upper half of the die is affixed to the under side 
of a heavy block of steel that can be moved up or down between 
guides. By means of a clutch this block can be drawn up to a 
height of from 2 to 10 feet and allowed to fall. If, when it is 
raised, a piece of hot metal is placed in the lower die, the falling 
wei^t smashes it at one blow into the required form. In this 
way many parts of a modem motor-car are constructed. Where 
the change of form is only slight the metal need not be heated, 
a single blow in the cold being sufficient for the purpose. 

As an example of modern forge practice we may consider the 
formation of a large, seamless steel tube. The illustration, Fig. 
112, shows such a tube, which was produced by the Darlington 
Forge Company. It is 9 feet inside diameter, 7 feet 8 inches long. 
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and weighs 26 tons. The steel was first cast into a solid ingot, 
then a small circular hole was cut in the centre, and the mass 
of metal expanded in the hydraulic press to the required size for 
machining. The reader of an arithmetical turn of mind may be 
interested in calculating the thickness of the metal from the 
dimensions given above and the fact that 1 cubic inch of steel 
weighs 0-26 lb. 

Forging is at the best a crude process, and the machine shop 
has always to be requisitioned to finish off the handiwork of the 
smith. An allowance must 
always be made for the 
amount to be removed 
in the lathe or planing 
machine, and as these are, 
or were until recently, rela- 
tively slow, it was custom- 
ary for the smith to work 
as closely as he could to 
final dimensions. The in- 
vention of high-speed tool 
steel, however, has made 
machining a cheaper pro- 
cess than aceurate forging, 
and has considerably modi- 
fied forge practice. It now 
costs less to run a lathe or 
planer than to maintain 
the furnace and steam- 
hammer. An interesting 
example is given in Har- 
bord’s Metallmgy of Steel. A 6-inch crank-shaft with the 
cranks at ri^t angles, would formerly have taken a long 
time to forge, and would have left the smith with only a 
thin skin of metal for the machine hand to remove. Nowadays 
it would be cut out of a slab like Fig. 113, the shaded portions 
being removed by a band saw in the cold. The cranks are then 
in one plane. The shaft would be heated and twisted until the 
cranks were at right angles, and the portions of the shaft between 
roughly rounded by a light steam-hammer. The surplus metal 
would then be removed in a machine at the rate of 130 lbs. per 
hour. 
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Of tlie many other interesting developments of the smith’s 
art, space will not permit description. The ignorance as to the 
composition of iron that made Bessemer’s process a commercial 
failure for the first four years has been dispelled, and the metal- 
lurgist no longer works by rule of thumb. Not only the effect of 
composition, but also the efiect of previous history, on the proper- 
ties of steel is now known with a degree of accuracy that would 
have astonished the ironfounder of twenty years ago. The 
Engineering Standards Committee have laid down exact specifi- 
cations of the material to be used for various structural purposes, 
and the fiery furnaces, obedient to the intellectual control of 
man, pour out 600 tons of iron or 50 tons of steel per day, with a 
composition that can be calculated beforehand to one part in a 
thousand. The new century has presented man with materials 
that raise engineering from a primitive art to an exact science ; 
for he has learned to look beyond the mere naked-eye appearance 
and the approximate results of a crude test. Armed with the 
microscope he penetrates the hidden molecular society of which 
the steel is composed, and assures himself of the presence of 
that harmony which brings strength, of the absence of that 
discord which brings weakness and ultimate disimion. 


CHAPTER IX 

THE BLBCTRIO FURNACE AND ITS APPLICATIONS 

In 1892 Henri Moissan of the Sorbonne, in Paris, commenced a 
series of investigations on the electric furnace, and thereby 
sowed the seed of industries which now utilise a million horse- 
power. Not content with startling the world and arousing a 
flutter in feminine minds by making real diamonds by an artificial 
process, he discovered a number of new substances, and laid the 
foundation of manufactures which have exercised a profound 
influence on economic development. Other substances of great 
industrial value, which were scarce because they resisted the 
highest temperature of the blast-furnace, became available in 
quantity and in a high degree of purity. Now fields were opened 
for industrial enterprise, a fresh impetus was given to water as 
a source of power, and great factories sprang up around Niagara, 



ELECTEIC EUENACE 


151 


in the Alps, and on the steep hill-slopes of Norway and Sweden. 
The hum of machinery arose once more amongst the mountains. 

Apart from the use of heat as a source of power, the value of 
a high temperature depends upon three facts. Firstly, most 
bodies melt, and can therefore be moulded and cast into any 
desired form ; secondly, the fluid condition renders mixtures 
more intimate and facilitates chemical change ; thirdly, many 
substances are resolved into their elements and many new com- 
pounds are formed. 

When Moissan began his experiments probably the highest 
temperature employed in industrial operations was about 
2000° C. Consider what this means. Water melts at 0° C. and 
boils at 100° C. Tin melts at 235° C., lead at 330° 0., and zinc 
at 420° C., all below red heat. Then among the more commonly 
occurring metals there is a gap until we reach those of the 
coinage — silver, gold, and copper, which melt at 945° C., 1035° C., 
and 1050° C. Higher up the ladder of temperature oast iron 
melts at 1000° C., pure wrought iron at 1600° C., and platinum 
at 1770° C. 

The temperature of a blast furnace probably does not exceed 
1600° C. at the hottest point, and to get a hi^er temperature 
it is necessary to use gaseous mixtures in wWch the particles 
come into more intimate contact with one another. ' Headers of 
the earlier volume will remember that in the puddling process the 
iron became pasty as the carbon was removed, while in the 
Siemens regenerative furnace, heated by gas, the metal remains 
perfectly liquid to the end of the operation. In the Bunsen 
flame, fed with the proper mixture of gas and air, a temperature 
of 1870° C. is attainable ; 2000° C. is produced by a mixture of 
oxygen and hydrogen ; and 2400° C. by a mixture of oxygen and 
acetylene. 

But in none of those cases can the actual temperature of the 
flame be communicated to the substance on which it plays. By 
an inexorable law of Nature heat flows from a high temperature 
to a low — downhill and not uphill — and some of it is lost in the 
transfer. A large amount is carried away by the waste gases, 
some is lost by radiation, and some escapes by conduction and 
convection. All these losses can be reduced by enclosing the 
flame in a casing which offers considerable resistance to the 
passage of heat, and this is the main advantage of a furnace 
over an open fire or flame. The heat is produced by the energy 
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with which substances enter into combination, and the tempera- 
ture will rise as more and more heat is generated, until the 
amount lost in a given time is equal to that produced in the 
same interval. 

Moreover, when the temperature reaches a certain point the 



Fig. 114. Diacsbam of the Omoinal Elbcteio FawTAOB 
Invented by Sm William Siemens. 


very substances whose formation produces the heat begin to 
decompose ; the combination is no longer possible, and the 
change which lod to the evolution of heat is reversed. There is 
therefore a limit to the temperature obtainable in this way, 
which is independent of the losses by waste gases, radiation, 
conduction, and convection. 

Now the conversion of electricity into heat is based upon a 
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different principle. The passage of a current through a con- 
ductor is invariably attended by the production of heat, and a 
corresponding amount of electricity disappears. The greater 
the resistance which the conductor offers, the greater is the 
amount of heat produced. If, therefore, a copper wire, which 
is a good conductor, is replaced for a short distance by a wire of 
the same material but of smaller diameter, or by material of 
lower conductivity, a much greater amount of heat is produced 
there than at any other part of the length through which the 
electricity flows. 

Again, the heating effect of a current is proportional to the 
square of its strength. A current of 2 amperes produces four 



times the amount of heat that a current of 1 ampere will produce ; 
a current of 3 amperes nine times, a current of 4 amperes sixteen 
times, and so on. If, therefore, a powerful current is conducted 
to a furnace by heavy copper cables and is then required to pass 
through loosely packed material of low conductivity and high 
resistance, this material may be raised to a white heat. Such an 
arrangement is called a resistance furnace because the heat is 
produced by the high resistance of the material with which the 
furnace is charged. On this principle furnaces were constructed 
by Sir William Siemens in 1879, and Cowles in 1886. The,^ 
Siemens furnace is shown in Fig. 114. It consisted of a carbon 
crucible which was attached to one wire (or lead) of the source 
of supply, and a carbon rod dipping into the material which was 
connected with the other wire. In this way a pound of iron 
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was melted in an hour, and many other experiments were made 
which showed that the discovery was of great value. Siemens 
also constructed an arc furnace, which is shown in Fig. 115. 
Cowles’ furnace was used on a commercial scale for preparing 
alloys of aluminium and copper. 

The disadvantages of these furnaces for accurate laboratory 
experiments are the varying resistance due to the closeness or 
otherwise of the packing, and the alteration in composition during 
the process. Moissan therefore employed a Afferent type. 



Fig, 116 . Moissan’s Eleotrio Fuunacb. 


called an arc ” furnace, of which one form is shown in Fig. 116. 
The current is led in by two carbon rods which meet just 
over the substance under experiment, and arc then separated. 
The points in contact are raised to a white heat, and when they 
are separated the electricity bridges the gap so formed and 
produces the highest temperature which has hitherto been 
obtained, 

Moissan’s furnace body consisted of blocks of lime enclosing 
a cavity in which the substance to be heated was placed. The 
cavity was covered with a block of lime to prevent loss of heat 
or access of air. The heat was thus concentrated in a small 
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enclosed space, and the non-conducting property of the lime 
served to prevent loss. Thus in one experiment the cover was 

3 cms. (IJ inches) thick, and yet when the current had been 
switched on for ten nodnutes, and the under surface was melting, 
it could be lifted by hand. Magnesia will withstand a higher 
temperature than lime and has the advantage that it is the only 
oxide that is not reduced by carbon at the temperature of the 
furnace ; but it conducts heat more readily. When it was 
necessary to use it, thin plates were employed as a lining alter- 
nately with plates of graphite. In some of the experiments on 
a larger scale the furnace consisted of blocks of limestone, which 
were speedily converted into lime. The absence of any materials 
other than lime or magnesia or carbon, rendered it possible to 
prepare substances of a high degree of purity. 

In the earKer experiments the electricity was supplied by a 

4 horse-power gas-engine and dynamo, which gave about 40 
amperes at 65 volts. Later a 45 horse-power steam-engine 
driving a dynamo giving 440 amperes at 80 volts was used. 
Finally 100, 160, 300 horse-power was concentrated in the form 
of heat in the small enclosure containing the substance under 
examination. The temperature attained is impossible to measure 
accurately and difficult to estimate. But it certainly reached 
3500° C., and probably 4000° C. would not be an exaggeration. 

Under the influence of the enormous concentration of the 
higher powers employed the limestone gave off torrents of carbon 
dioxide, then the lime began to melt, and for experiments re- 
quiring the highest attainable temperature the lining of magnesia 
and graphite had to be used. The glowing crater could 
not be observed with the naked eye, and dark glasses had 
to be worn. 

All the metals that melt below 1000° C. or 1200° C. boil in 
the temperature of Moissan’s furnace. Thus in five minutes 
103 grams of copper lost 26 grams, and flames of luminous 
copper vapour half a yard long streamed out of the holes through 
which passed the carbon rods. The fact that gold is volatile at 
temperatures near its melting-point has long been known, and 
special precautions have to be taken in assaying the precious 
metal to prevent loss by vaporisation. In the electric furnace 
107 grams of gold lost 52 grams in a very short time ! 

The advance which this discovery represented may be gauged 
from the fact that the hour required to melt one pound of iron 
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in Siemens’ furnace thirteen years before was now reduced to 
a few minutes. Even 4 lbs. of the far more difl&cultly fusible 
chromium were melted in an hour, and on one occasion no less 
than 22 lbs. of molten metal were obtained. Many other sub- 
stances, such as manganese, tungsten, molybdenum, titanium, 
vanadium, and silicon, were chemical curiosities, and had only 
been obtained previously with great difficulty in small quantities. 
They all have a profound influence on steel, and are essential 
constituents, with chromium and nickel, of most of the special 
steels which are now made in such quantities, and which have 
had such an important influence on modem manufacture. 

Thus guns, projectiles, armour plate, tools, tyres, axles and 
other parts of machinery owe to a large extent their progress to 
the quantity and cheapness of substances which improve the 
quality of the steel used in their construction. Chromium 
confers toughness, tungsten and molybdenum hardness, titanium 
soundness, and vanadium strength to the material when added 
in appropriate amount. Manganese in quantity greater than 
8 per cent gives exceptional hardness combmed with ductility, 
and destroys the naagnetic properties of the steel. Silicon in 
small percentages produces a suitable steel for springs. A new 
industry has thus been created to supply rich alloys of iron 
with chromium, tungsten, molybdenum, titanium, and vanadium, 
which are added to steel to render it more suitable for some 
specific purpose. 

But to limit the world’s debt to Moissan to the creation of but 
one industry would be to understate the case. His work forms the 
starting-point for a dozen. In the course of the investigations 
which culminated in the preparation of artificial diamonds, he 
repealed and extended Berthelot’s experiments on varieties of 
carbon. After proving that there were only three forms of pure 
carbon — amorphous carbon, graphite, and the diamond — ^he 
showed that the first and the third are converted into graphite 
at the temperature of the electric furnace. Natural graphite is 
somewhat scarce ; it occurs in inaccessible districts, and there 
has been an increasing demand for it in recent years. It is now 
made in quantity at Niagara merely by passing a powerful electric 
current through anthracite, and is one of numerous substances 
now manufactured by electric processes where cheap power is 
available. The pencil with which you write, the “ blacklead ” 
used to polish the grate, the material that reduces the friction of 
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the machinery in the neighbouring factory, the cores of the 
carbons in the arc lamps which illuminate the streets of the 
town in which you live, may all have had their origin in the dark 
recesses of an American mine. Torn from its hiding-place by 
giant powder, packed in trucks and hauled up the shaft at 600 feet 
a minute, it is whirled half-way across the continent to the foot 
of the Falls. There it is charged into a brick chamber, and 
subjected to the glowing energy of an electric furnace, which 
converts the hard black lumps into a fine, impalpable material, 
soft and greasy to the touch, and capable of innumerable uses 
for which it was originally unsuited. 

Twenty years ago, when the present writer was serving his 
time in the works, one of the most useful tools was an emery 
wheel. It was made of a hard natural oxide of aluminium 
mixed with some binding material and compressed into discs. 
Eotating at a high speed, it was capable of rubbing off rough 
edges of metal with the production of showers of sparks, quicHy 
causing the metal to become red-hot. Since that time grinding 
has become one of the most accurate and useful workshop 
processes, capable of the delicacy required for scientific instru- 
ments and the energy necessary for truing up an armour plate. 
But modern wheels are mostly made of a new substance, called 
carborundum, composed of carbon and silicon, and having the 
formula CSi. In 1893 Mr. Aqheaon of Niagara produced 6| tons, 
and nine years later 2700 tons. His furnace is extremely simple. 
It is not a permanent structure, but is built up for each operation. 
A brick pit or box 15 feet long, 7 feet wide, and 7 feet deep has 
fixed in each end sixty carbon rods each 3 inches in diameter 
and 2 feet long, mounted in bronze sockets. The furnace is 
filled with about 10 tons of a mixture containing 34 per cent coke, 
54 per cent sand, 10 per cent sawdust, and 2 per cent salt. 
The sawdust renders the mass porous. Between the carbon 
poles is placed a core of finely broken coke along which the 
current passes. On dismantling the furnace the carborundum is 
found in a zone round the carbon core. Outside this zone is 
another substance called siloxicon, having the composition 
CjSiaO. It is highly refractory and is used for furnace linings. 

Probably the most important product of the electric furnace 
is calcium carbide, CaCa. The^value of this substance lies in 
the fact that on the addition of water it yields acetylene,- CaHa, 
a gas of high calorific and illuminating value, the use of which 
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for welding and cutting lias been described in Chapter VII. 
A very common method of obtaining the gas is to use a holder 
similar in principle to the arrangement found in chemical 
laboratories for producing sulphuretted hydrogen. Most boys 
are probably familiar with Eupp’s apparatus so frequently em- 
ployed for this purpose. An acetylene generator consists of a 
gas-holder inverted over water, and a perforated box containing 
the carbide. As the latter is decomposed slowly by moist air, gas 
is being formed even when the apparatus is not in use. It is 
necessary therefore to limit the charge of carbide to the full 
capacity of the holder. Acetylene can also be obtained com- 
pressed in steel cylinders, but before this could be accomplished 
some difficulties had to be overcome. The formation of the gas 
is accompanied by absorption of heat, and it is therefore some- 
what unstable. When it decomposes this heat is evolved. A 
chemical change that is accompanied by an evolution of heat 
is invariably more easily effected than one in which heat is 
absorbed. In the early attempts to compress acetylene in the 
same way as oxygen, hydrogen, and other gases are compressed, 
some explosions occurred. The heat engendered by the com- 
pression was so liable to cause an explosion that the method 
had to be abandoned. It was found, however, that the gas was 
very soluble in acetone, so the practice now followed is to com- 
press it into a steel bottle partly filled with this liquid, which 
yields up its excess when the valve is opened. Acetylene is 
used for lighting country houses, and in this case the low-pressure 
system first described is used. For welding and cutting metals 
either a low-pressure generator, or acetyl&ne-d/issous, as the com- 
pressed gas is called, is employed, but for large work of this kind 
the compressed gas is necessary. 

Calcium carbide is produced by heating lime and carbon in an 
electric furnace, and as such furnaces have been in operation 
since 1885 it is curious that its value was not recognised before. 
A considerable quantity of it must have been formed incidentally 
and regarded as waste material. In fact, Professor Vivian 
Lewis states that the boys at the Cowles Aluminium Works 
were playing with it in 1887, at least five years before it was 
known to be of commercial importance. Since 1903 it has ac- 
quired a new interest. As explained in another chapter it absorbs 
nitrogen at a temperature of about 1000° C. forming calcium 
cyanamide, a valuable manure sold under the name of 
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“ nitrolime.” Tlie mtrogen for this piirpose is obtained by the 
liquefaction of air and subsequent distillation. 

The number of different fmnaoes which have been patented 
can be counted by the dozen. The production is rising by leaps 
and bounds, and well over 250,000 horse-power is utilised in the 
industry. 


THE ELECTRICAL MANtTEACTUEE OF STEEL 

In addition to the application of the electric furnace to the 
production of alloys of chromium, tungsten, molybdenum, and 



other metals with iron, to which reference has already been 
made, the last ten years has seen a more ambitious development 
in connection with the manufacture and refining of steel. The 
H4rault furnace, shown in Fig. 117, has been established at 
Froges, in France. It is really a refining furnace, and is based 
on the principle involved in the original furnace of Sit William 
Siemens. The material— in this case molten steel— forms one 
electrode, and the other is a pair of large rectangular blocks of 
graphite, dipping into it. By raising the electrodes until 
they just fail to touch the surface of the metal a pair of arcs is 
obtained, but by lowering them into the liquid metal heat is 
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produced by the resistance. The lower curved part of the con- 
tainer is provided with teeth which engage with those of a 
straight rack, so that the furnace may be tipped for pouring. 
Several similar furnaces have been designed. 

One disadvantage of this type, however, is the expense of 
renewing the carbon electrodes. A furnace which not only 
avoids this difficulty, but possesses the merit of constituting a 
very remarkable scientific achievement, is that invented by the 
Swedish engineer, Kjellin, though Mr. Ferranti was the first to 
suggest the method. The reader will probably be aware of the 
principle upon which an ordinary Rhumkorf or sparking coil 
works, but if not the following explanation will make the mode 
of operation of the furnace clear.^ 

If two wire coils of any shape, but preferably round, are 
placed in the same plane or parallel with one another, then 
stopping, starting, or varying the strength of an electric current 
in one coil will produce currents of electricity in the other. An 
alternating current sent through one coil induces ” an alternat- 
ing current in the other. The total electrical energy which 
passes through a wire in a given time is equal to the strength 
(measured in amperes) multiplied by the pressure (measured in 
volts). In the two coils considered the quantity “ induced ’’ is 
very nearly equal to the quantity inducing it, but the number of 
volts in each is proportional to the number of turns of wire, and 
the number of amperes is inversely proportional to the number 
of turns. That is to say, if the second coil has half as many 
turns as the first the pressure will be half and the number of 
amperes will be doubled. The heating effect of a current fiowing 
through a conductor is proportional to the square of its strength, 
so that i£ the strength of current is doubled the heating effect is 
four times as great, and i£ the strength is trebled the heating 
effect is ninefold, and so on. It is therefore possible by means 
of a current of small strength and high voltage to produce a 
current of low voltage, but very great strength. Moreover, if 
the second coil is composed of a substance which conducts 
electricity less readily than the first, the heating effect will be 
greater— varying directly as the resistance. Thus, if the first coil 
is of copper and the second coil of iron, the heat produced would 
be six times as great as if both coils were of copper. 

In the Kjellin furnace, see Fig. 118, a coil of wire with a core 
^ See also page 89. 
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of soft iion is fixed at the centre of a ring-shaped trough of 
refractory material containing the constituents in the form of 




iron, scrap steel, etc., in the proportion necessary for the grade 
and class of steel required. When an alternating current is 
sent through the coil, very strong currents are induced in the 

M 
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ring of steel in the trough, and in a short time this is reduced to 
the molten condition. 

Apart from the fact that there is no expense in carbon elec- 
trodes, there is the accompanying advantage that no carbon at 
all need come into contact with the metal. The ring is covered 
with fireclay blocks, practically no air enters, and the resulting 
steel has the composition which was intended with a very high 
“\' degree of accuracy. These furnaces were first used soon after 1900, 
and since then much larger ones have been erected at Gesinge, 
in Sweden, at Elrupp’s Works in Germany, and in many other 
places. Though they are not very economical, this is of small 
consequence when water power can be obtained cheaply, and 
there are several firms in Sheffield which employ such a furnace 
for making special steels. According to the Scientific American 
the quantity of steel produced in electric furnaces rose (in round 
numbers) from 48,000 tons in 1909 to 129,000 tons in 1911, 
This is, of course, very small in comparison with the world’s 
production, but it consisted almost entirely of high-class tool 
and other special steels, and on that account is of great impor- 
tance. The greatest increase, moreover, occurred in Sweden, 
where the Kjellin furnace has a monopoly. 

Though the steel becomes quite fluid in the Kjellin furnace, it 
is hardly hot enough for some purposes, and has been improved 
by Roechling and Eodenhauser, Frick, and others. The Eoech- 
ling-Eodenhauser furnace has two coils and two circular troughs 
which run into one another, forming a figure 8. The heat from 
the induced currents is supplemented by a current flowing 
through the bridge or central trough of the 8 from carbon 
electrodes fibsed in the opposite walls of the trough. 

Whatever the future may show, the invention must be re- 
garded as one of the greatest achievements of electrical science. 
Everyone has become familiar with the fact that a crackling 
spark, or even an electrical tremor in a long wire will flash 
signals across oceans and continents, but probably few realise 
that a coil which can be handled with impunity may be radiating 
energy that will reduce to the molten condition a mass of steel 
placed a foot or so away. 

THE ELECTRIOAL MAHTJEACTURE OF NITROGEN COMPOUNDS 

The process next to be described has for its object the capture 
of the nitrogen in the atmosphere, and in view of its connection 
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with the food supply of the world (see Chapter XI) must be 
regarded as one of the most important inventions which have 
ever claimed the protection of the Patent Office. It differs from 
those which have hitherto been described in that it does not 
arise directly out of Moissan’s work. For many years it has 
been suspected that the small quantities of nitrous and nitric 
acids contained in rain water were the result of electric discharges 
in the upper regions of the atmosphere, and though there is 
some doubt whether lightning is really the cause, Sic William 
Crookes showed in 1892 that an electric arc fed with an alter- 
nating current produced a flame, in which nitrogen and osygen 
did actually combine. Unless these gases are removed as quickly 
as formed the heat decomposes them again. In 1895 Lord 
Rayleigh used the method to obtain argon. His apparatus con- 
sisted of a large glass globe into which the rods for forming the 
arc were passed. Air, together with additional oaygen required 
to combine with the nitrogen, was passed in by one tube and the 
oxides of nitrogen were absorbed in a solution of caustic soda, 
which, entering by another tube and impinging on the top of the 
globe, spread out in a thin fllm over the sides and thus offered 
a large surface. 

Sir Wflliam Crookes in his Presidential Address to the British 
Association at Bristol in 1898 drew attention to the co min g 
scarcity of nitrogenous manures, and emphasised the importance 
of rendering available the huge store of nitrogen in the air. In 
1902 Messrs. Siemens and il^lske, the famous Berlin firm of 
electrical engineers, patented a method by which air was passed 
through a flame arc which was spread out by a magnet so as to 
offer a large surface. The stream of glowing gas between the 
poles of an arc behaves as a flexible conductor, and a suitably 
arranged magnet will blow it out into a flare. The air passes 
through this and the oxides of nitrogen formed can be absorbed 
in water or alkalies. Similar processes are in operation in the 
United States and Italy. 

Another method, differing somewhat in detail, was devised by 
Professor Birkeland and Dr. Eyde in 1905, and has been developed 
to a considerable extent in Norway. The furnace is shown in 
Figs. 119 and 120. It consists of a narrow circular brick chamber 
in an iron casing. The distance apart of the walls is only an inch 
or so, but the diameter of the latest type of furnace is 15 feet. The 
arc is formed between the closed ends of two copper tubes which 
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enter radially, and are cooled by water circulating throngh 
them. Air enters by a number of narrow passages in the brick- 
work on both sides of the diso-Uke space, and leaves by a passage 
at the circumference. The arc is produced by an alternating 
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Fig. 119. SEOTIOK through tee BiBKXIiAHD-SvUH Fuiihaoe. 

current in whioli the direction is reversed fifty times a second, 
between the poles of a powerful electro-magnet, and is blown out 
into a flaring half-disc, now above and now below the level of 
the copper tubes. The air therefore passes through a thin, almost 
continuous disc of flame, and on emerging contains from 1 per 
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cent to IJ per cent of nitric oxide, NO. This gas combines 
spontaneously with a further proportion of oxygen to form the 
well-known red peroxide of nitrogen, NO*, which if dissolved in 
water forms a mixture of nitrous and nitric acids. Nitrous 
acid is very unstable and absorbs oxygen to form nitric acid. 

The temperature of the furnace is about 3000° C. and the 
gases leave it at a temperature of from 800° C. to 1000° C. They 
are led under steam boilers, and then passed throu^ four 
towers containing quartz over which water trickles. The nitric 
acid formed here is converted into calcium nitrate by adding it 
to limestone. The gas which escapes absorption by water passes 
through two towers in which it is exposed successively to the action 
of milk of lime (lime suspended in water) and sodium hydrate, 
and at the end of the process not more than 3 per cent of the 
oxide of nitrogen escapes. The general arrangement of the power 
plant and the extent of the industry have been described in 
Chapter I. Another type of furnace has been invented by 
Herr Schoenherr, and is used at Notodden alongside the Bicke- 
land-Eyde furnace, of which there were no fewer than eighty- 
three in 1912. The Schoenherr furnace consists of concentric 
tubes between which the discharge passes and the air circulates. 

In order to appreciate at its true value this new industry of 
the twentieth century let us glance for a moment at its ramifi- 
cations. Fig. 121 with its key shows diagrammatically the 
materials produced by the Norwegian Company and the uses 
to which they are directly or indirectly appHed. The nitrates 
of lime and soda, the phosphates of lime and ammonia are im- 
portant and, indeed, necessary fertilisers, while the nitrates of 
potash and ammonia which can be used for this purpose are 
generally reserved for the preparation of materials which com- 
mand a higher market price. Nitrate of ammonia, for example, 
is an invariable constituent of so-called “ safe ” explosives, and 
yields “ laughing gas,” which is used by the dentist to produce 
temporary insensibility to pain. Nitrate of potash is one con- 
stituent of ordinary gunpowder, the others being sulphur and 
charcoal. Nitrate of silver is used in photography, in water 
analysis, in silver-plating, and for cauterising wounds, e.g. after 
the bite of a dog. 

Aluminium nitrate has a narrower range of utility, being 
chiefly employed in dyeing and calico-printing. The fibres used 
for spinning and weaving contain fine pores. When such material 
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is dipped into a dye it takes up the colouring matter, but does 
not jdk it, so that the latter is removed on washing. Some 
hydrates, however, have the property of combining with the 
dye to form a coloured compound, and as the hydrate of alumin- 
ium not only possesses this property, but is itself colourless, 
it is particularly suitable. The hydrate is called a mordant, 
and the process is carried out by soaking the fabric in an alumin- 
ium salt and then forming the hydrate, in the presence of the 
dye, within the pores, by adding an alkali. The colour is then 
fast. 

The nitrates of barium and strontium are used in the manu- 
facture of fireworks, the former giving a crimson, and the latter 
a green, colour to the flame. An essential constituent of all 
fireworks is, in fact, a nitrate or chlorate, more frequently the 
former, which provides the oxygen necessary for the rapid com- 
bustion of charcoal, sulphur, and other combustible material 
in the mixture. The sparkling efEects are produced by coarse 
filings of magnesium and iron, which bum readily under these 
conditions. 

From the comparatively harmless firework to the dangerous 
explosive, again, is but a short step, and the diagram indicates 
that when glycerine or cotton-wool is treated with nitric acid, 
nitroglycerine or gun cotton is produced. If these two are 
mixed together the well-known dynamite, or giant powder ” 
of the American miner, is obtained. This is a yellowish, waxy 
substance which has to be “thawed” in very cold weather 
before it is used ! When gun cotton is dissolved in a mixture* of 
alcohol and ether the solution is known as collodion, and is 
used in photography, in medicine, and in the manufacture of 
incandescent gas-mantles. Its use depends upon the fact that 
when exposed to air, the alcohol and ether evaporate rapidly, 
leaving a thin film or skin of nitrocellulose of great strength. 
Treated with camphor, nitrocellulose gives celluloid, which is 
now used for such a vast number of articles — ^for combs and 
collars, for paper-knives and electrical storage batteries. The 
ready inflammability of celluloid was humorously emphasised in 
Pwnch a year or two ago. A little boy wearing a celluloid collar 
was standing aloof from the merry-makers round the Christmas- 
tree, in obedience to his mother’s warning to keep away from 
the fire and light I 

For some years collodion was (and still is to some extent) 
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employed in tlie manufacture of artificial silk. The silkworm 
exudes a gummy sul)staince from a fine orifice and this, 
on drying, forms the silk fibre. As cellulose comprises 
the woody tissue of aU plants, it is easily obtained, but 
cotton -wool is perhaps more usually employed for the 
manufaotiure of artificial silk. The method originally devised 
was to dissolve nitrocellulose in ether and then to expel it 
through a fine hole. The solvent evaporated almost instan- 
taneously and a fine thread of nitrocellulose remained which, 
on conversion into cellulose, can be spun and woven, though 
it is a little more brittle than the natural variety. This process 
has now given place to one in which the xanthate of cellulose is 
used instead of the nitrate. Incidentally the curious fact may 
be noted that a large quantity of artificial silk (made chi^y at 
Coventry) is exported to China, the home of the natural material ! 

Another group of important substances is obtained by treating 
the products of the distillation of coal-tar with nitric acid. 
These form the starting-point in the manufacture of an almost 
uncountable number of colouring matters — ^the aniline dyes — 
and depend absolutely upon nitric acid for their preparation. 
From this source also come most of the perfumes which are 
used in the manufacture of toilet soaps ; many flavouring 
essences ; and scores of useful drugs. Then, again, nitric acid 
is employed in the manufacture of sulphuric add, which has 
perhaps a wider application in industrial chemistry than nitric 
acid itself. Here, however, another process is available. 

It should be observed here that another body, almost as useful 
as nitric add, is obtained through the agency of the electric 
furnace. Caldum cyanamide, to which reference was made on 
page 158, jdelds ammonia when heated in a current of steam, 
and even a brief statement of the numerous uses to which 
ammonia is applied in arts and manufactures would take up 
almost as much space as has already been given. 

Perhaps suffident will have been said to indicate the pro- 
found influence upon modem industry of compounds of nitrogen. 
A perusal of Chapter XI will show also to what extent these 
compounds are necessary for maintaining the supply of food, 
and the dire consequences of a shortage in the supply of natural 
nitrates. It is really only during the last twenty years that 
man has adopted the plan of taking stock of natural resources. 
True there have been individual cases of soardty in the world 
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before, but on these occasions a nation or a tribe shifted its 
ground, or took what it required from its neighbour. But these 
primitive forms of acquisition are less possible now ; war is 
prompted by some meaner or certainly less fundamentally 
human motive ; and the settled habits of the twentieth century 
prevent migration on a large scale. Moreover, in cases hke the 
supply of nitrogen compounds migration would not have met 
the case. And all the tricks and trickery of politics and state- 
craft pale into insignificance beside the importance of the 
operations by which man is fed, the means by which he maintains 
his existence and works out his destiny in the great and intricate 
scheme of Nature. 


ALUMimUM 

The manufacture of aluminium, though the first electric 
smelting process to be developed commercially, is still conducted 
by the aid of electricity, but on a different principle. The first 
commercial electric furnace was established by Cowles in America 
in 1885. It was based on the principle of Siemens’ furnace of 
1879, and was charged with a mixture of aluminium oxide and 
carbon. At the high temperature produced by the passage of 
the electricity through the badly conducting material the 
aluminium oxide was reduced to the metal. In 1886 C. M. HaU 
discovered that aluminium oxide, or alumina, as it is called, 
would dissolve in fused cryolite, a double fluoride of sodium and 
aluminium, 6 NaF, AliFe, and that when an electric current was 
passed through the liquid, metallic aluminium separated at one 
pole. The process is therefore similar to that in which copper 
and other metals can be deposited by the aid of electricity fcom 
aqueous solutions. In all fiicnaces other than those for preparing 
oxides of nitrogen the electricity is first converted into heat, 
and the high temperature is the cause of the reactions which 
occur. In the aluminium furnace the electricity acts mainly 
as electricity, and the process is said to be electrolytic. 

It is curious that though aluminium is one of the most widely 
distributed constituents of the earth’s crust it should be so 
difficult to obtain. The oxide forms from 10 per cent to 20 per 
cent of all clays, but the difficulties of separating it from other 
materials is so great that one mineral forms the source of all the 
iluminium made in the world. This is bauxite, which occurs in 
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Ireland, France, and the United States. Before it can be intro- 
duced into the furnace it has to be purified, and this is an expensive 
process which absorbs 40 per cent of the cost of manufacture. 
The puriJSled alumina and fused cryolite are fed in at the top 
of the furnace and aluminium is drawn off at the bottom. The 
process is continuous, more alumina being fed in as required. 
The workman is informed when this is necessary by a simple 
device ; as the met&l is drawn off the resistance of the furnace 
alters and so causes an electric lamp to light up. The readiness 
with which aluminium burns in air renders it extremely imdesir- 
able that any of it should rise to the surface, but this is diificult 
to prevent owing to the lightness of the metal. Its density 
in the liquid condition is only 2*64 and the average density of 
the other materials differs very little from this. If the furnace 
becomes too full there is considerable loss. 

The story of the rise and progress of the aluminium industry 
reads like a romance. It is difficult to believe that the clay 
which we trample underfoot should contain rich stores of the 
beautiful white metal which combines in remarkable degree 
lightness and malleability. And it is galling to think that a 
material which is so widely diffused and so useful should offer 
such obstacles to its recovery. Still, the genius of Hall, H6rault, 
and others and the special properties of bauxite have enabled 
great progress to be made. In 1855 aluminium was £28 a pound, 
and now even the best and purest samples are very little more 
than Is. a pound. In 1833 only 83 lbs. were produced, and in 
1885 only 283 lbs. After that the process described came into 
use, and in 1902 the amount obtained was 8000 tons. A year 
after that there were nine factories, three in America, two in 
France, and one each in Scotland, Germany, Switzerland, and 
Austria. In all cases the source of power is falling water, which 
turns the turbines, and drives the dynamos, and pours electric 
energy into the furnaces at the rate of 40,000 horse-power. 

The early uses of aluminium were limited because the metal 
corroded rather easily and cordd not be welded; and these 
disadvantages detracted from the value arising out of its light- 
ness and the non-poisonous character of its compounds. In- 
creasing purity of the metal, however, and the discovery of a 
process four years ago by which it can be welded, have 
Jed to an extraordinary increase in the range of usefulness. 
For cooking utensils it is unsurpassed, provided the housewife 
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or tlie cook avoids cleaning it with soda. The replacement of 
rivets or lapped joints by the smooth weld enables it to be 
cleaned easily with a brush and hot water, and other materials 
are quite unnecessary. It has an advantage over enamelled 
ware in that it does not chip. For military and traveller’s 
outfits its lightness renders it peculiarly suitable. 

Its resistance to attack from the acids contained in foodstuffs 
has enabled it to be used for the manufacture of foods on a large 
scale, and it is now employed in the preparation and storage of 
Meat Extracts, Beer, Mineral Waters, Edible Oils, Margarine, 
Milk Preparations, Jams, Preserves, Chocolate and General 
Confectionery, Yeast, Sugar, Patent Foods and Emulsions. 
The illustrations, Figs. 122 and 123, show a large tank capable of 
holding 160 barrels of beer and two large welded coils. Com- 
parison with the men in both figures gives some idea of the size of 
the aluminium vessels, which can be made without dfficulty. 
It is being used successfully in Soap Works, and in the manu- 
facture of Candles and Waxes, Pharmaceutical Preparations, 
Organic Oils, Essences, Ethers, Perfumes, Colouring Matters, 
Varnishes, Rubber Preparations, Camphor, Acetone, Artificial 
Silk, Collodion, Celluloid, and explosives. 

Again, both the pure metal and its alloys are used in the 
manufacture of optical and scientific instruments, for the gear 
cases of motor-cars, the crank cases of aeroplane motors, the 
framework of airships, and many other examples of engineering 
work in which lightness is essential. Judging from experiments 
which have recently been conducted it may come into extensive 
use for electrical transmission, for though it is not so good a con- 
ductor as copper it is much lighter and a thicker wire can be 
used. So long as copper and tin remain at their present high 
prices there will be no limit to the variety of purposes which the 
new metal can serve. 


In addition to the foregoing substances there are many others 
prepared in smaller quantity which now rank among the pro- 
ductions of the electric furnace. Thus carbon bisulphide, formed 
by running melted sulphur over red-hot carbon, is wholly pre- 
pared in this way. Of the thousand tons of phosphorus which 
are required by the world’s chemists every year, half is obtained 
by reduction in a resistance furnace, and a large quantity of 
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glass also is made in arc furnaces. Whatever water-power is 
available for the production of electricity at a low cost there 
electric smelting industries are springing up. The relative 
scarcity of such power prevents any great development in this 
country, and the works at the Falls of Foyers and Kinlochleven, 
and one in Ireland, represent our main contribution to the new 
industry. On the other hand, Switzerland, Norway and Sweden, 
Canada and the United States are reaping a rich harvest. 


CHAPTER X 

THE ARTIFICIAL PRODUCTION OF COLD AND ITS APPLICATIONS 

On May 7th, 1913, the Cold Storage and Ice Association held 
their fourteenth annual dinner in London, and among other 
items the menu contained turtle soup from Queensland, salmon 
from Canada, lamb from New Zealand, beef from the river 
Plate, quails from Egypt, potatoes from the Canary Islands, 
pineapples from Jamaica, and apples from Australia. This 
list contains only a few of the articles of food that reach Great 
Britain from distant places. In days when the country was 
less thickly populated than now, and people lived farther 
apart, the land within a radius of a few miles from each home- 
stead produced all that the family had to eat. The industrial 
revolution of the eighteenth century led to the rapid growth 
of towns, and each town was supplied with food mainly by 
the farmers in the immediate vicinity. Before the advent 
of railways, food was mostly eaten within twenty miles of 
the land which produced it. Moreover, it had to be eaten 
quickly. Many articles of food produced at home will keep fresh 
and sweet only for a limited time, and in hot weather this is 
very short indeed. Until the middle of last century the only 
method of keepiag meat sweet was by salting it. But too much 
salt food is not wholesome ; mediaeval armies, deprived of 
unsalted food for some time, and the sailors who went on long 
voyages to remote parts of the earth, suffered terribly from 
scurvy. The value of ice for preserving food and in relieving 
fever was doubtless well known, for attached to many old 
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mansions in England is an ice store. This consists of a thick- 
walled underground or semi-underground building generally 
located in a wood, and thickly thatched to keep out the warmth 
of the sun. Here were stored blocks of ice out during winter 
frosts, to be used when the summer came round again. Then 
when the importance of preserving food became greater — ^when 
the population of the towns grew so that food had to be stored — 
ice was brought from Northern Europe in ships. And even to-day 
the south of France derives much of its ice from the glacier 
quarries of the Alps. 

In spite of the fact that we eat more meat than any other 
nation it is improbable that even a simpler diet would have 
sufficed for the rapidly increasing population of the last century. 
The great industries of the country could not have been developed 
by a half-starved race of workmen. A growing anxiety made 
itself felt in the ’fifties, and about that time live cattle were first 
brought to England. It was estimated that the home production 
amounted to 910,000 tons per annum, or 72 lbs. per head of the 
population. An importation of 44,000 tons of live cattle from 
America brought this up to 75 lbs. per head. But America was 
not the only country which produced more than its people 
could eat. Australia and New Zealand had rich pastures, and 
were raising mutton faster than they could eat it, and 
faster than they needed to produce all the wool they could 
sell. The trouble was— how to get it to the old country ? 
Live cattle could be brought from South America — ^and as 
the population of the States grew, less and less beef was 
exported, and more and more tended to come from the rich 
grazing lands of the southern continent. Huge structures called 
“ lairages,” where the cattle were slaughtered on arrival, were 
erected at Birkenhead and elsewhere, and until the prevalence 
of foot-and-mouth disease in the Argentine led to an embargo on 
the importation of live cattle a few ye^rs ago, the lairages at 
Birkenhead found employment for 2000 men. But Australia 
and New Zealand were a long way ofi. 

Many attempts were made at this date to preserve meat 
otherwise than by salting it, but most of them were doomed to 
failure. A more succes^l plan was to cook and tin it, and 
to-day an enormous amount of tinned meat comes into this 
country. The home population, however, wanted uncooked 
fresh meat, and the colonists were willing to supply it ; so as it 
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was known that meat kept better in frosty weather, the new 
and comparatively little-known process of freezing was tried, 
and the &:st cargo of frozen beef was brought from America in 
1877. Three years later the first shipment of mutton from 
Australia reached these shores, and since then the trade has gone 
up by leaps and bounds. In 1910 we imported 13,000,000 
carcases of lamb and mutton from Australia and New Zealand, 
and 260,000 tons of beef from the Argentine. 

Nor does the story end there. Rabbits come from Australia, 
apples from Tasmania, fish, fruit, and dairy produce from 
Canada, and fruit from South Africa. How people would live 
without these vast supplies of food is an interesting problem. 
But the fact that they have not to make the attempt is due to 
the inventions and discoveries which have made cold storage 
possible, so we proceed, without more ado, to enquire how this 
is achieved. 

THE ARTIFICIAL PRODUCTION OF COLD; THE 
MA3SUFACTURE OF ICE 

A moderately low temperature may be produced by mixing 
salt and snow or pounded ice. The mass speedily liquefies and 
the temperature falls. This will be familiar to most people 
who have seen salt used to clear the streets of snow. The liquid 
is easily washed down the drains, but so long as it remains it 
causes great discomfort to those who have to walk in it. The 
liquid soaks into the leather of the boots and makes the feet very 
cold. The lowest temperature is obtained when the mixture 
contains 23*5 per cent of salt, and this is about 8® F. below 
freezing-point. Calcium or magnesium chloride gives a still 
lower temperature. 

Every reader will have observed how rapidly the puddles 
formed by rain disappear in warm or windy weather. What 
happens to pools of water would happen to pools of any other 
liquid to a greater or less extent. Some liquids evaporate and 
pass into invisible vapour more readily than others, and the 
process is in all cases hastened by heat. Under ordinary circum- 
stances heat converts a solid into a liquid and a liquid into a 
vapour, though there are a number of solids which on being heated 
pass directly into the gaseous condition without first becoming 
liquid. The fact that puddles evaporate on cold as well as on 
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warm days shows that water is slowly converted into vapour 
at ordinary temperatures. Por each liquid there is a definite 
pressure exerted by its vapour at a given temperature ; when the 
vapour of a liquid in an open vessel becomes equal to the pressure 
of the atmosphere the liquid boils, and no matter how much 
more heat we apply, the temperature remains constant until 
the whole of the liquid has boiled away. 

The effect of wind in drying up puddles is due to the fact that 
the vapour is swept away from the surface as rapidly as it is 
formed. As the air can only take up a definite quantity of 
moisture at any given temperature the fresh air blowing over 
the surface encourages the formation of more vapour. The 
drier the air the more rapidly will the vapour be absorbed and 
removed, and the more quickly will the puddle dry up. There 
is a well-known method, based on this fact, for ascertaining the 
direction of the wind when it is so light as to be hardly noticeable. 
If the finger is wetted and held up it feels cold on the side on 
which the wind blows. The air takes up moisture more rapidly 
on the side upon which it impinges than upon the other side. 
But why does this produce a feeling of cold ? 

It has been remarked that the passage from the liquid to the 
gaseous condition ordinarily requires heat — ^that the gaseous 
condition is associated with a greater amount of heat than the 
liquid. The probable explanation therefore appears to be that 
if a liquid is caused to evaporate by mechanical means, with- 
out an artificial supply of heat, then the heat corresponding 
to the gaseous condition must be absorbed from somewhere. 
There are several simple and beautiful experiments which illus- 
trate this theory. A little water is poured upon a wooden 
block so as to form a pool ; in this pool is placed a glass vessel 
or beaker, containing ether (which, by the way, is a dangerously 
inflammable liquid) ; air is forced through the ether by means 
of a pair of bellows. This causes the ether to evaporate rapidly, 
'the heat ordinarily necessary for the formation of vapour is 
absorbed from the glass, water, and wood, and in a minute or 
two the beaker is found to be frozen hard to the block. 

Another very beautiful experiment requires a piece of apparatus 
devised by Wollaston, called a cryophorus, which can be pur- 
chased from any instrument-maker cheaply. It consists of a 
bent glass tube with a bulb at each end. Pig. 124. A small 
quantity of water is introduced and boiled until all the air has 
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been expelled. It is then sealed up ; and the whole of the appara- 
tus is thus occupied by water and water- vapour. The lower bulb 
is immersed in a freezing mixture of ice and salt. The vapour in 
this bulb is condensed, and as the pressure 
in the apparatus is thereby reduced, the 
water in the upper bulb becomes cooled. 
This goes on until in a short time a layer 
of ice forms in the upper bulb. The water 
has thus been frozen by its own evaporation. 

Two further scientific facts must now be 
noted. If air or any other gas or vapour is 
warmed it expands and occupies a greater 
volume. This expansion is a measure of the 
heat which has been supplied to it. But if 
the gas or vapour is caused to expand 
without heat being artificially supplied, it 
abstracts heat from its surroundings, or itself 
becomes cooled. The conversion of a liquid 
into a vapour and the increase in volume 
Fig. 124 . WoLLAs- of a gas or vapour, are both therefore pro- 
cesses which naturally take place when heat 
is supplied, so that if the processes are carried on without 
the artificial supply of heat the liquid or vapour or gas becomes 
cooled. In other words, if a liquid or gas is stretched by mechani- 
cal means, it is cooled. Similarly, if a gas is compressed, or a 
vapour is converted into a liquid by pressure, some heat is, as it 
were, squeezed out of it, and bo&es in the neighbourhood 
become hotter. 

There is a universal tendency for all bodies to acquire a 
uniform temperature, and no body can remain for very long 
hotter or colder than its surroundings without heat being con- 
tinually supplied or taken away. A red-hot poker, taken from 
the fire, gradually cools, and a lump of ice gradually melts, at 
the ordinary temperature. The poker gives up its heat, and the 
ice receives heat. Bodies in the neighbourhood of the poker 
become warmer, and bodies in the neighbourhood of the ice 
become cooler, than they were before. These bodies in turn 
affect bodies more remotely situated, and the whole tendency 
in the universe is towards a dead level of temperature. 

If, therefore, it is possible by means of a machine to convert 
a liquid into a vapour, or to cause a vapour or gas to increase 
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in volume, then that machine will produce cold. The substance 
usually employed is one of three gases : ammonia, sulphur 
dioxide, and carbon dioxide. The first two, as most schoolboys 
are aware, possess extremely pungent smells and are highly in- 
jurious if breathed even in small quantities ; the third, if breathed 
in quantity, would cause sufiocation. Great care has therefore 
to be exercised in the construction of the apparatus to avoid 
the possibility of leakage. Ammonia gas can be liquefied at 
ordinary temperatures by moderate pressures. Thus at 10® C. 
a pressure of about 100 lbs. on the square inch is sufficient for 
the purpose, while at the ordinary pressure of the atmosphere 
the boiling-point of the liquid is -33-5° C. At -74° C. the liquid 
freezes to a white mass. Sulphur dioxide can be liquefied by 
passing it into a vessel immersed in a freezing mixture of ice and 
salt, when it condenses to a clear, mobile liquid which boils vigor- 
ously if the tube containing it is warmed by the hand. The 
boiling-point under ordinary atmospheric pressure is —10° C. In 
both cases the boiling-point is, of course, much lower if the 
pressure is reduced, that is, if the vapoxu: is pumped away as 
fast as it is formed. 

Provided carbon dioxide is not hotter than 31® C. it can be 
liquefied by pressure. At that temperature a pressure of nearly 
1120 lbs, per square inch is necessary. If the gas is no hotter than 
13° C. a pressure of about 760 lbs. per square inch will suffice. 
When a stream of the liquid (contained in a steel bottle) is 
allowed to escape through a canvas bag part of it evaporates, 
and this causes the remainder to freeze to a solid white mass 
which remains in the bag. This “ carbonic acid snow ” does not 
evaporate very rapidly and can be used for maintaining very 
low temperatures. Mixed with ether it forms a pasty mass 
having a temperature of -80° C., while if the vapours are pumped 
away the temperature falls to —100° C. 

Sulphur dioxide is largely used in creameries and bacon factories 
because the pressure is low, there is a good deal of condensation, 
and the pump lubricates itself and requires very little attention. 

It is clear that carbon dioxide involves much lower tempera- 
tures and higher pressures than either ammonia or sulphur 
dioxide. For these gases the apparatus may be of cast iron, but 
for carbpn dioxide every part which has to bear the pressure 
must be wrought out of forged steel. 

It will be sufficient to describe two commercial methods that 

N 
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are used for the production of cold. In the first the ammonia 
gas is compressed into a spiral tube or worm by a pump, and the 
heat resulting from this compression is removed by circulating 
cold water through a vessel containing it, Eigs. 125 and 126. The 
same pump then reduces the pressure in another worm into 
which the liquid flows and then evaporates. Air or brine circu- 
lating round the second worm is cooled* and is then sent to the 
chamber or tanks, the cooling of which is required. 

The pump is called the compressor. In the diagram it is 
shown as double-acting, taking in the ammonia through the 
inlet valves, and compressing it through the outlet valves at 
both ends. The gas passes at every stroke of the piston into the 
condensing worm, which is cooled by water. Thence it passes 



through a regulating valve, which reduces the pressure some- 
what, into the evaporator, where it vaporises. The heat required 
for evaporation is abstracted from the air or brine which surrounds 
this worm. There is thus no loss of material, the gas or air and 
brine being kept continually circulating through the apparatus. 

A plant of this kind has been used in the United States for 
an interesting purpose, which was originally suggested by Lord 
Kelvin in 1852. If, instead of water, air is used to cool the gas 
after compression the air becomes warmed. This warm air is 
then circulated through a building in winter, while air from the 
refrigerator is circulated in a similar way in summer. 

Another method dispenses with the pump. It depends upon 
the fact that ammonia is very soluble in water, which dissolves, 
at the freezing-point, 1160 times its volume of the gas. If this 
solution is heated the gas is given off, and if the apparatus is 
closed the pressure rises. The compressed gas is cooled in a 
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worm or coil of piping as before and then allowed to evaporate 
in another coil. The evaporation is hastened by the gas 
being placed in communication with the weak liquor £com which 
the gas has previously been expelled. Except for small details 
— chiefly for separating moisture from the gas in the first half of 
the process — ^the plan is very similar to the one already described. 
Instead of the backward and forward strokes of a pump, the 
ammonia solution is alternately heated by passing steam round 
the vessel containing it, and cooled by substituting water for 
steam. The method can only be used for ammonia ; it sulphur 
dioxide or carbon dioxide is to be used, a pump is necessary. 

If for any reason it is inconvenient to use air to convey the 
cold, a liquid which does not freeze at the temperature it is 
required to produce must be used, and for this purpose brine is 
employed. This brine is not always the solution of common salt 
to which the name is usually applied. Such a solution cannot be 
reduced in temperature below —8° F., and then only with 23*5 per 
cent of salt. With a higher percentage salt separates out before 
this reduction of temperature is reached and with a lower per- 
centage ice separates out from the solution. A solution of calcium 
chloride containing 25 per cent of the salt is more generally 
suitable. This can be reduced to 18® F. below freezing-point 
without any separation of ice or salt occurring. In recent years 
a solution of magnesium chloride has foimd increasing favour. 
A 25 per cent solution remains liquid down to 22° F, below 
freezing-point and the solubility of the salt does not vary much 
with the temperature. In this respect it differs from calcium 
chloride and is similar to sodium chloride, but it can be used for 
lower temperatures than either. 

The uses of a refrigerating plant may now be described under 
the following heads : — 

A. The manufacture of ice and the supply of refrigerating 

materials. 

B. The maintenance of cold stores on land and sea. 

C. Civil engineering and mining. 

D. The liquefaction of the permanent gases. 

THE MAHUFAOTURB OF lOE 

Formerly nearly all the ice used for the preservation of food 
and other perishable articles, for various processes of manu- 
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facture requiring a moder- 
ately low temperature, and 
for the alleviation of fever 
in hospitals, was saved 
fcom the previous winter 
or brought by ships from 
Northern Europe. About 
the middle of last century 
small machines capable of 
producing a limited quantity 
of ice were in use ; but it 
is within the last twenty- 
five years that large plant 
for the purpose of producing 
many tons per day has been 
installed. While the process 
consists essentially in freez- 
ing water in metal vessels 
by immersing them in brine 
at a low temperature, there 
are many details to which 
attention must be given if 
the ice is to find a sale at 
a remunerative price. If it 
is to come into contact with 
food or to be used for the 
table it must be prepared 
from water which is itself 
free from objectionable im- 
purities. For although in 
the process of freezing water 
throws out dissolved sub- 
stances, these are liable to 
be caught and encased in 
the interior of the block. 
Then, again, clear trans- 
parent blocks look better, 
keep better, and sell better 
than those which are opaque. 
Opacity is generally due to 
the enclosure of small bub- 
bles of air, which are separ- 
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ated at the moment of freezing, and are entrapped by fresh 
ice before they have time to escape. The reader will probably 
have observed that ice formed over still water is almost in- 
variably opaque, while that formed on runrdng water is clear 
and transparent. The enclosure of air bubbles in artificial 
ice can be avoided by usiug distilled water, or by gentle agitation 
up to the moment of freezing. 

In one method of manufacture which is adopted, the water 
is contained in thin metal boxes or cans (Fig. 127), which are 
slung in rows on iron rods, and lowered into a tank through which 



Fig. 128 . Agitating Apparatus. 


brine at a temperature of 12° F. to 25° F. is circulating. The 
water in the cans is agitated by thin wooden paddles which move 
backwards and forwards automatically, and are removed before 
the water freezes, or by the ingenious method shown in Fig. 128. 
The vessel is made like a double-necked bottle, and one is 
used for each can. The lower ends dip well below the surface 
of the water, and the upper ends in each row are all connected 
with a pipe leading to the agitating pump. As the pump works, 
the water in the cans is alternately sucked into and forced out 
of the bottle, which is removed in time to prevent it being 
frozen in. The ice forms quickly at first, about an inch being 
produced in the first hour. After that the process is slower, 
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10 hours being required for 4 inches, 
36 hours for, 8 inches, and nearly 
80 hours for 12 inches of ice. The 
cans are made in various sizes, but 
in the factory described each holds 
IJ cwt. There are twenty in a row, 
and forty-eight rows in all, so that 
the total capacity is 60 tons. As 
48 hours are required to complete 
the process from start to finish, 
30 tons of ice arc produced per day. 

Another method is illustrated in 
Fig. 129. There the water is con- 
tained in cells which are fLsed to 
the false bottom of a tank through 
which cold brine can circulate. The 
whole of the cells together with the 
false bottom of the tank are filled 
with water, cold brine is circulated, 
and the agitating pump is set work- 
ing. With each stroke of the pump 
water is alternately forced into and 
out of each cell through the hole in 
the bottom, and this keeps the water 
in constant motion until it becomes 
solid. Before this point is reached, 
a piece of rope with an eyelet is 
suspended in each cell, and is frozen 
into the ice block. The ice is 
loosened from the cells by switching 
off the cold brine and circulating 
warm. The blocks can then be lifted 
out by the rope eyelets. 

A most interesting method has 
been adopted in America. A number 
of jets of water are allowed to escape 
into a large cylinder from which the 
air has been extracted. The nozzles 
rotate and move up and down along 
the axis so that the water is sprayed 
evenly over the inner surface. As 
the cylinder is immersed in cold 



AETIFICIAL PRODUCTION OF COLD 


183 


brine the water freezes into a tube about 6 feet long and 4 feet 
outside diameter, with walls a foot thick, which is sawn into 
blocks of saleable size. As this ice is formed in a vacuum 
there are no air bubbles, but the ice is opaque on account of 
its highly crystalline structure. 

An ice factory may produce and distribute other cooling 
agents besides ice. Small refrigerating plant is sometimes 
made with liquefied gases in strong steel bottles, which are 
charged at the ice factory. These are used very largely for 
experimental research at low temperatures. Again, a portable 
freezing agent used for minor operations in surgery is ethyl 
chloride, which is sent out in strong glass tubes closed with a 
metal cap. When the cap is unscrewed the ethyl chloride 
volatilises, and the “ spray ” of vapour is directed on to the 
part to be operated upon. The flesh is thus frozen. At that 
temperature the pain of the surgeon’s knife is not felt, and an 
inestimable boon is conferred on sufiering humanity. 

It is obvious that the demand for ice is greater during the 
summer than in the winter, and the factory is liable to be rela- 
tively idle for a considerable part of the year. For several 
years now there have been skating rinks with real ice in London 
and Manchester. The latter is near an ice factory, from which 
it takes the surplus power duriug the winter. It consists of a 
large hall covering a shallow tank filled with water through 
which cooled brine passes. Twice a day the ice is swept, flooded, 
and re-frozen, to keep the surface in good condition. Here 
for a small sum a most delightful winter pastime and health- 
giving exercise can be enjoyed, and practice in a graceful art 
can be obtained by many to whom an annual visit to Switzer- 
land or Northern Europe would be an impossibility. So Dis- 
covery and Invention defy the English climate and contribute 
to the health and pleasure of manland. 

COLD STORES ON LAND AND SEA 

When heat is required to pass from one fluid to another, a 
thin-walled metal plate is the best form of partition, and this 
has been used in the production of ice. But when a cold store is 
to be erected, in which perishable articles are to be kept at a 
low temperature, the walls must be so constructed as to permit 
as little heat as possible to pass through from the outside. The 
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bxiilding lias, in fact, to be insulated. Tbe walls are therefore 
made of considerable thickness (see Fig. 130) and are lined 
with 7 inches or more of flake charcoal, silicate cotton, granu- 



Kg. 180 . Horizontal Sbotion Thronoh Cold Stores. 
Thickness of wall exaggerated to show construction. 


lated cork, or some other material which ofEers a high resistance 
to the flow of heat. This insulating material is held up by an 
inner skin of boards. All steel girders, pillars, and other masses 
of metal are similarly covered with non-conducting material. 
These large rectangular buildings with five or six floors (see 
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Fig. 131) axe usually cooled by a current of air which passes 
over the brine pipes; but sometimes the pipes themselves 
enter the building with or without cold air. The circulation of 
air ensures better ventilation, but it is liable to be very dry, and 
this causes shrinkage of the food. The air is cooled by being 
blown through a network of brine pipes over which brine is 
trickling. In most cases a freezing temperature is not required. 
In the case of food the temperature need only be such that it 
will arrest the processes of decay ; in the case of furs to prevent 
the hatching of moths’ eggs ; and in the case of wines to maintain 
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that temperature at which the flavour develops most perfectly. 
The table^ on page 186 will convey some idea of the enormous 
variety of goods with which the cold storage manager has to 
deal. 

But the table indicates something more than this. It conveys 
some idea of the great range of experiments which must have 
been undertaken in order to determine the most suitable limits 
of temperature for each article stored. Few outside the actual 
business of food supply and distribution can have any idea 
of the influence of cold storage on their habits. For example, 
probably most people imagine that the fowls, geese, and turkeys 
which appear in magic midtitude in the poulterer’s shop window 
^ From J. Weinyss Anderson’s JRAfrigcratitm, (Longmans.) 
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at Christmas time were gaily picking up their food in the farm- 
yard a week before. But the writer was in a cold stores in the 
middle of last November and saw hundreds of Christmas birds 
plucked and frozen as hard as blocks of wood, waiting for 
the demand which experience had shown would come. Moreover, 
there were thousands of rabbits from Australia, packed in the 
same boxes in which they had travelled in the icy hold of a 
refrigerating steamer, to supplement the supply of English 
rabbits. Here also was a piece of venison waiting for some 
aldermanic feast, and capercailzies, pigeons, and other delicacies, 
ready at short notice to be exposed for sale in the shops. It has 
been said that cold storage has had something to do with keeping 
up the price of food, and certainly it prevents material being 
sold at any price to clear. The dealer in fresh meat, fish, and 
other perishable articles can keep a smaller stock in his 
shop, because he knows where to get more with very little 
delay. 

In addition to these large stores, which are like furniture 
repositories in that they accept suitable goods at a rental until 
they are required by their owners, there are numerous specialised 
installations attached to particular industries, in which the 
manufacturing processes can be carried on most effectively at 
low temperatures. Thus refrigerating plants are often attached 
to dairies and butter and cheese factories, to bacon factories, 
to breweries, to dyeworks, and to many chemical works. It 
has been found that while the temperature of boiling water is 
sufl&cient to destroy all forms of animal and vegetable life, the 
roots and bulbs of many plants are not adversely affected by 
many degrees of frost. So long as they are exposed to a low 
temperature they remain dormant, but immediately they are 
removed to more genial conditions, they start into growth and 
come into flower in shorter time than under natural conditions. 
In this way plants can be retarded and flowers can be obtained 
over nearly the whole year. The trade in retarded plants has 
risen to enormous proportions. Every year thousands of 
bulbs of Japanese Iflies are placed in cold store, while the 
number of crowns of lily of the valley so treated is measured in 
millions. 

Turning now from provision on land to that on sea, every 
passenger vessel undertaking long journeys carries large quan- 
tities of fresh food in cold chambers. This not only relieves the 
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tediiun of a long voyage, but contributes materially to the 
health of the passengers and crew. Scurvy is now almost 
unknown ; salt junk and hard ship’s biscuits are now memories 
of a former age; and many disadvantages of ocean travel 
described by Clark Eussell and other writers have been removed 
by the artificial production of cold. 

But cold storage at sea has a wider significance than that of 
comfort to travelers. There are more than 250 vessels engaged 
in conveying beef and mutton to the teeming populations of our 
manufacturing centres. From Canada, South America, South 
Africa, New Zealand, and Australia comes wholesome food to 
nourish and strengthen those who toil in our workshops, factories, 
and mines. Without this regular supply of the products of 
far-off lands our trade could not have developed, our wealth 
could not have grown, and our sons and daughters must either 
have starved or emigrated to the spacious and fruitful lands 
across the sea. 

The earliest methods of refrigeration in use on the Atlantic 
were the circulation of water cooled by ice and salt, and the 
circulation of air which had been compressed and afterwards 
cooled by expansion. In the ’eighties ammonia compression 
machines came into use, and now either ammonia or carbon 
dioxide is regularly employed. The first source of our foreign 
meat supply was the United States. The cattle were killed in 
Kansas City or Chicago, and conveyed in refrigerator railway cars 
to Boston or New York for shipment. By 1901 the amount 
obtained in this way reached 160,000 tons. But the United 
States was growing rapidly, and from this time forward the trade 
was transferred gradually from North to South America. 

In meat-canTuig vessels the main body of the ship’s hold is 
divided up into a number of chambers, along the roof and sides 
of which pass the pipes carrying the cold brine, Fig. 132. While 
mutton, rabbits, and pork may be frozen hard without ill-efleots, 
beef deteriorates considerably owing to the bursting of small 
blood-vessels. Practically all the beef, therefore, which has come 
to this country since 1899 has been submitted to a temperature 
of 28° F. to 30° F., and is known as chilled beef. Under these 
conditions its quality is unimpaired, and it toII last three weeks 
in good condition. The fact that this is just long enough to 
enable the meat to come from South America and be consumed 
in this country is not without significance. 
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Extraordinary precautions are taken to secure cleanliness 
and to maintain a steady temperature. Each kind of meat 
carried must have a separate compartment, and while frozen 
carcases can be packed like ordinary cargo, chilled meat must 
be hung. The chambers are sealed and the seal must be un- 
broken at the end of the voyage. The temperature must be 
constant within a degree, and the difidculty of securing this in 
a vessel which crosses the equator can be unagined. The 
machinery is duplicated or even triplicated to provide for break- 
down, and the complete equipment for a large vessel may cost 
£60,000. In some cases self-registering thermometers have been 
used, but they are not always dependable. Another plan is for the 
engineer to take the temperature at stated times by lowering 
a thermometer down a tube leading from the deck into a hold ; 
but the warm, moist sea air meeting the dry, cold air from 
below causes deposits of snow in the tube. Recently a very 
ingenious device has been patented. An ordinary thermometer 
illuminated by an electric lamp is hxmg near the lower end of the 
tube, and the scale is reflected up so that the temperature 
can be read by an observer on deck. The human element 
is avoided by closing the upper end with a camera. At stated 
periods the temperature and the time at which the observation is 
made are photographed, and the film, when developed, is a faith- 
ful record of the conditions during the voyage. 

Another industry which would be quite impossible on a modem 
commercial scale, without the processes which have been de- 
scribed, is sea fishing. There are some 1600 trawlers engaged 
roimd the British coast, and many of these are equipped with 
refrigerating apparatus. A voyage extends from two to four or 
five weeks. If you buy a fresh plaice from the fishmonger’s it 
isr not likely to have been caught less than a week ago, and it 
might be a month old. 

Refrigeration serves a special purpose in the Royal Navy* 
Cordite, the powerful explosive used in modem guns, deteriorates 
if kept in a temperature higher than 70° P. In a warship required 
to do duty in any part of the world, it woxdd be impossible to 
keep the magazine below this temperature unless artificial means 
were available. Consequently, among the enormous amount of 
machinery with which the vessels of the Navy are filled, are to 
be found refrigerating machines which not only preserve the 
food, but also maintain the ammunition in good condition. 
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CJIVIL ENGINEERING AND MININQ 

The engineer has frequently to excavate in boggy ground, or 
in ground so wet and soft that the sides fall in before he can 
complete his task. He overcomes the difl&culty by sinking 
brine pipes in the soil and freezing it solid, so that he can com- 
plete his excavations, lay his foundations, and build his walls. 
Once he has reached solid ground he can ffll up the cavity with 
masonry and defy the bog or quicksands which formerly barred 
his way. 

Again, the miner desires sometimes to reach coal or other 
minerals which lie beneath a bed of water-bearing strata. When 
he attempts to sink the shaft the water rushes in faster than it 
can be pumped out. In these circumstances a ring of vertical 
brine pipes is buried round the spot where the shaft is to be sunk, 
and the ground is frozen solid in the form of a cylinder which 
holds back the water. As the sinking is carried on, the sides are 
bricked or ‘‘ tubbed ” with an iron casing. The completion of 
the ice-wall takes from four to ten months, and it has to be 
maintained solid for from six to jSfteen months to allow of the 
shaft being completed. Magnesium chloride is used in preference 
to calcium chloride or common salt because it can be relied on 
to a greater extent not to form any deposit in the pipes, which 
cannot be taken up for inspection and cleaning when once the 
process has been started. 


LIQUID AIR 

In none of the cases so far considered has the temperature 
been very low — certainly not lower than the natural cold of 
the Arctic and Antarctic regions. Far lower temperatures, 
however, can be obtained, and though the practical results have 
as yet been relatively unimportant, they have been as remark- 
able as anything which has hitherto been described. From what 
was said in the earlier part of this chapter it will be obvious 
that the simplest and most effective method of producing cold 
is by the rapid evaporation of a liquid. The colder this liquid 
is and the more rapidly it evaporates the lower will be the 
temperature produced. Now the only substances which evaporate 
rapidly at low temperatures are those which at ordinary tempera- 
tures exist in the gaseous condition. Consequently, the problems 
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to be studied are associated with those which occur iu the 
liquefaction of gases. 

In the first quarter of the last century Faraday liquefied 
chlorine by a very simple method. This gas was led into water 
contained in a vessel immersed in a freezing mixture such as is 
described on p. 174. It formed a crystalline compound with 
the water. The crystals were placed at one end of a bent tube 
and the other end was sealed up. On warming the end con- 
taming the crystals the chlorine gas was evolved and condensed 
to a yellow, oily liquid at the other end. Using the cold pro- 
duced by a mixture of ice and salt, he succeed^ in liquefying 
sulphur dioxide, ammonia, and other gases. 

Returning to the subject again in 1845, and using a mixture 
of solid carbon dioxide and ether, he liquefied sulphuretted 
hydrogen, nitrous oxide, and hydriodic and hydrochloric acids. 
The high pressures used involved no little danger. Faraday 
himself had some narrow escapes, but there seemed to be a 
fascination about the experiments, which attracted many 
scientific men. Caignard de la Tour and CoUadon worked at 
the problem, and ThSorier had an assistant killed by the bursting 
of a cast-icon vessel containing liquid carbon dioxide which had 
been prepared for a lecture in Paris. The great problem was 
to liquefy the so-called permanent gases, oxygen, hydrogen, and 
nitrogen, which had so far resisted all attempts, thou^ Natterer, 
for example, employed a pressure of nearly 60,000 lbs. per square 
inch. The moat important step was taken by Andrews in 1868. 
He showed that in the case of carbon dioxide no amount of 
pressure would cause it to liquefy unless the temperature were 
below 31® C. This temperature is called the critical temperature, 
and the pressure required to liquefy the gas at that temperature 
is called the critical pressure. All failures to liquefy the perma- 
nent gases had failed because the temperature had not been 
sufficiently low. 

The first actual liquefaction of oxygen was accomplished 
independently and nearly simultaneously by Pictet and Cailletet. 
Both subjected the gas to enormous pressure and then allowed 
it to expand. Pictet merely opened a cock and permitted 
the gas to escape. This expansion caused intense cooling, 
and a stream of liquid was obtained. It could not, however, be 
kept. Cailletet compressed the gas in a glass tube and then 
suddenly increased the volume by rapidly unscrewing a plunger. 



192 


DISCOVEEIES AND INVENTIONS 


A mist, and then a meniscus separating gas and liquid, formed in 
the tube. 

Further progress was made by Wroblewski and Olszewski 
working together, and subsequently by the latter alone. To high 
pressures they added intense cooling, by surrounding the vessel 
containing the gas by another liquefied gas which was kept 
boiling by a pump. In this way oxygen and nitrogen were 
liquefied and some of the properties of the liquids were deter- 
mined. Soon afterwards Linde in Germany, Dewar and Hampson 
in England, and Tripler in America succeeded in obtaining liquid 
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Fig. 133. Kelvin’s Porous Plug Experiment. 


air in quantities, and the problem which had baffled scientific 
workers for a centiuy was solved. 

In order to understand how this result has been achieved 
it is necessary to recall an experiment by Lord Kelvin and Dr. 
Joule. If a gas expands without performing work, no appreciable 
cooling takes place. The cooling is a measure of the external 
work performed. For if there is an attractive force between 
the particles internal work must be done, and an equivalent 
amount of heat must be absorbed. Kelvin and Joule passed the 
gas through a porous plug in a tube fitted with delicate ther- 
mometers as in Fig. 133. The gas passed in the direction shown 
by the arrows. The slow diffusion of the gas involved no external 
work, and any difference between the readings of the two thermo- 
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meters would be due to internal work. All gases except hydrogen 
showed a lower temperature (about —0*25° C.), indicating that 
there was attraction between the molecules which had to be 


overcome during expansion. Hydrogen gave an increase 
of temperature, and tMs could only be explained on the assump- 
tion that the molecules of hydrogen repelled one another. At 
a lower temperature it has since been found that hydrogen 
behaves in the same way as other gases. 

The important and far-reachmg principle just described 
enabled Linde, in 1895, to liquefy air by means of the apparatus 

shown in Fig. ISi, Highly com- 

pressed air is passed through the 

inner of two concentric tubes, sooibaJJro- 
whence it issues from a fine orifi.ce. 

This orifice serves the same pur- ’ 

pose as the porous plug in Kelvin and 

Joule’s experiment, and the issuing gas is 

cooled. The air passes back through the 

outer tube, thus lowering still further the 

temperature of the air before it leaves the ' 

orifice. As the air leaves the inner tube, • ' ‘ t 'A’ ^ 4 

therefore, it is continuously lowered in . . • J ^ 

temperature until at last liquid air drips 1 : 

from the end of the inner tube into the \ }^ _ 

vessel below. ^ If S ^ 

That this liquid is air is hardly conceiv- aL. « 

able ; the air that passes freely in and out poa Liquefying Air. 
of our lungs ; the air that rustles through (After Mellor.) 

equatorial forests and moans through northern pines; the air 
that devastates the southern states of America and hurls giant 
steel ships on the rock-bound coast ; and yet lying here tamed 
and with all the fire taken out of it. Now and then a turbulent 




Fig. 134. Linde’s Apparai 
FOR Liquefying Air. 
(After Mellor.) 


bubble breaks from bondage, or an angry tremor ripples across 
its surface. Still, so long as it is kept in an open vessel it will 
pass away quietly into gas ; but if an attempt is made to confine 
it in closed vessels it will burst its bonds and scatter its prison 
in a thousand fragments. 

Liquid air boils at -181° C. It is clear and colourless. A 
test-tube full of mercury plunged into the liquid is frozen 
into a solid rod which can be hammered into various shapes like 
wrought iron. Inelastic bodies become elastic, and india- 
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rubber becomes so brittle that it can be broken with a blow of a 
hammer. A small quantity of the liquid poured into the boiler 
of a model steam-engine evaporates rapidly and causes the 
fly-wheel to spin round as though under a high pressure of 
steam, while the boiler becomes crusted with ice from the 
moisture in the atmosphere. At this temperature the electrical 
resistance of metals decreases to such an extent as to suggest 
that at a still lower temperature it would become a vanishing 
quantity. A soap bubble blown on the end of a thistle funnel 
and held in the vapour over the liquid becomes frozen, and 
when struck upon a hard substance such as a table-top it is 
shivered into invisible particles. 



Fig. 185. Two Fobms of Dewah Flask. 


In the course of his researches Professor Dewar devised a 
flask, Fig. 135, which enables liquids to be retained for a con- 
siderable time at a low temperature. The Dewar flask has 
double walls, the space between which is exhausted of air. The 
object is of course to prevent the heat entering the flask through 
the walls, and if the air were left in, warmth would be conveyed 
to the inner vessel by conduction, and by convection currents, 
as well as by direct radiation. The first two processes are pre- 
vented by pumping out the air, and the effect of the latter is 
largely reduced by silvering the inner walls. Professor Dewar 
found that if a small quantity of mercury was introduced into 
the space, its vapour condensed in a brilliant mirror which 
acted in a similar way. 
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Any arrangement which will prevent heat passing in one way 
will be effective in preventing its flow in the opposite direction, 
so that a body can be kept hot just as well as one can be kept 
cold. The well-known Thermos flask is, in fact, simply a Dewar 
flask enclosed in a metal and leather case, and provided with a 
cover. 


The liquefaction of air has had at least two interesting 
industrial applications. Oxygen gas has for many years been 
a regular article of commerce. It is required for blowpipes for 
brazing and welding, for the Hmelight, for scientific investiga- 
tion, and for use in hospitals. The method of manufacture 
until recently was by Brin’s process, which depended upon the 
fact that barium monoxide absorbs oxygen at a high tempera- 
ture, forming barium dioxide, and gives it up at a higher tem- 
perature, re-forming the monoxide. There are practical diffi- 
culties coimected with alternations of temperature, so that 
alternations of pressure were employed instead. Air was pumped 
into a series of cyhnders contained in a brick furnace maintained 
at a temperature of 700° C. The oxygen was absorbed and most 
of the nitrogen escaped through a valve at the end of the series. 
After ten or fifteen minutes certain valves were opened and 
others closed so that the effect of the pump was reversed. The 


first portion of the gas which 

came off was nitrogen, and this j I 

was allowed to escape into the oxua«A«h . — f — 

air through a valve. This valve 

was then closed and the oxygen 

passed into a gasholder. Oxy- 

gen prepared in this way con- 

tained from 4 to 10 per cent of 

nitrogen, but was quite pure 

enough for all ordinary pur- 

poses. The modem process i I - p 

was devised by Linde in 1895. ■ ’•.Yv; \ 

' It depends upon the fact that i‘ 

nitrogen boils at a lower tern- . -H 

perature than oxygen, so that lo.i.a 5 L.qa.dA.r 

when air is liquefied and 
allowed to boil, the nitrogen , V' 

passes off more rapidly than ise. Apparatus foe Sepabat- 
mi. i. iNO Nitrogen from Liquid Air. 

the oxygen. The apparatus (After MeUor.) 


t-vA 


L6oi(in5 Liquid Air 
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is shown in Eig. 136. A continuous stream of liquid air flows 
into the vessel and the constituent gases are separated. The 
oxygen is obtained practically pure, but the escaping nitrogen 
contains over 7 per cent of oxygen. By a process patented by 
Claude in 1903 this nitrogen is freed from all but a trace of 
oxygen, and then passed over calcium carbide heated to a 
temperature of 1000° to 1100° C. so as to form calcium cyanamide. 
The importance of this substance as a fertiliser will be discussed 
in Chapter XI. 

Before Moissan in 1892 and Linde in 1895 began their experi- 
'/ments, the highest temperature which had been obtained was 
about 2000° d, and the lowest that could be maintained for 
any length of time was about 100° C. below zero. The limits 
are to-day about 4000° C. and-270° C., giving a range of 4270° C. 
It is now possible to examine the properties of matter and to 
carry on experiments from the point at which only one substance 
remains liquid, to the point at which metals boil and every 
known substance passes into vapour. It has been estimated 
that the lowest temperature of inter-planetary space is —260° C., 
and the temperature of the sun about 6000° C. This gives a 
range of 6260° 0. Man is thus able to produce a temperature 
10° C. lower than the minimum in the Solar System, and to 
climb two-thirds of the way to the temperature of that luminous 
body whose energy, transmitted across 92J millions of miles of 
space, preserves the earth from the relentless grip of eternal 
ice. 


CHAPTEE XI 

SOIL OBOPS 

Ip man had been born into a world in which the climate was 
always genial, the soil for ever fruitful, and the vegetation 
varied and plentiful, or if he had been permitted to stay for all 
time in the Garden of Eden, he might have avoided work. The 
original man on the earth worked because he was hungry, and 
also perhaps because he was cold. He slew such beasts as he 
could with primitive weapons, clothed himself in the skins, ate 
the flesh, and varied his diet with fish or fowl, and fruit and roots 
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from the primeval forest. So long as he was a more or less solitary 
wanderer, these supplies did not fail him. But as the family or 
small group grew into the tribe, and more mouths were to be 
fed, food had to be collected from a wider area and stored in 
the form of flocks, and herds, and granaries. Instead of hunting 
and killing his meat when he wanted it, he kept it alive in 
captivity ; and instead of searching for and seizing fruits and 
roots as hunger assailed him, he conceived the idea of growing 
them near his abode. In this way arose the Agricultural Arts, 
upon the practice of which every man, peer or peasant, depends 
for his food and clothing. 

In order to satisfy these needs, flint instruments were replaced 
by those of copper and iron. Iron, in turn, helped man to obtain 
more fuel and more iron ; iron gave him the steam-engine ; 
the steam-engine developed manufacture, and manufacture 
made greater demands upon agriculture to supply the raw 
material by which so many of the later wants of civilisation are 
satisfied. The concentration of people in towns and their em- 
ployment in the manufacture of goods threw the burden of 
providing food upon the shoulders of fewer men, without whose 
labours no manufacture could be carried on. Agriculture is 
therefore called the mother of industries, and still claims the 
larger share of human energy, human knowledge, and human 
skiS. Even in England — ^the Workshop of the World — ^it is the 
largest occupation, and in every other country except Belgium 
it is more important than all other industries together. 

If the term Agriculture is used in its broadest sense it includes 
the tilling of the soil and the cultivation of all the plants which 
yield material for food or manufacture. The cotton fields of 
the United States and Egypt, the rubber, coffee, cocoa, tea, and 
banana plantations of the tropics, the fruit of temperate and 
sub-tropical climates, timber, flax, hemp, jute, and the numerous 
plants that are grown for their fibre, and the cereals or flowering 
grasses which in so many instances form the staple food of man 
are all included. Flocks and herds are usually omitted because 
except in densely populated countries where every inch of 
ground has to be utilised, and where the demands of large 
towns render it profitable, pastoral and agricultural pursuits 
are each confined to more or less separate areas. 

The history of England shows in a striking way the effect of 
manufacture upon agricultural practice. From the time of the 
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Norman Conquest or earlier the land was cultivated in open 
fields, in which each man had a share, and to the labour on 
which all contributed except the lord of the manor. In the 
sixteenth century much of the land was enclosed by the land- 
owner and used for wool-growing, and the remainder became 
less productive and less capable of producing the food that the 
nation required. From the middle of the eighteenth century 
further enclosures took place, so that within another hundred 
years the open field system had entirely disappeared from the 
English landscape. But this time the movement was accom- 
panied by improved methods of cultivation. Large farms 
arose, the small occupier was driven to the wall, and new systems 
of farming, more expensive, but capable of yielding a higher 
return from the soil, came into being. Still, no possible methods 
could produce the food necessary to maintain the growing 
population, and instead of remaining an independent self- 
feeding community, Great Britain is to-day dependent more 
upon imported foodstuSs than any other country in the world. 

The problem of economical and successful home farming, then, 
is one of profound importance, and the soil which has yielded so 
generously of its fruits during the centuries in which the nation 
was being created, has now to be cultivated with that skill and 
foresight which scientific knowledge alone can supply. In a 
country so thickly populated, and with so many of its inhabitants 
engag^ in mining, manufacture, transport, and their attendant 
services, every acre of land is a precious possession, and must of 
necessity bear a heavier burden than the virgin soils of the 
vast plains of North and South America that have more recently 
been brought under the subjection of man. During the last 
twenty years the knowledge obtained as to the relation between 
plants and the soil in which they grow has shed a new light on 
the operations of the oldest of industries, and we shall now 
proceed to examine in brief outline some of the more striking 
discoveries on which modern practice is based. 

THE FOOD OF PLANTS 

The improvements in English farming to which reference has 
been made, were based on a recognition of the facts that plants 
require food like human beings, but not upon any exact know- 
ledge of the constitution of this food nor of the mechanism by 
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which it was obtained- Observation had shown that the soil on 
which a crop had been grown for a number of years became less 
fruitful, and that its productiveness could be regained by allowing 
it to lie fallow or idle for a year, or by growing different crops in 
rotation. The order of the rotation was the result of experience, 
and so also was the use of farmyard manure to restore the im- 
poverished soil to its former condition, or to increase the yield 
of the crop on fertile soils. 

It was Boussingault who found that plants absorb carbon 
dioxide from the air and not from the soil, and the great German 
chemist, Justus von Liebig, who emphasised the discovery in a 
report to the British Association for the Advancement of Science’ 
in 1840. The gas enters the plants through minute openings, 
called stomata, in the under surface of the leaves and, under 
the influence of sunlight, the carbon is appropriated and 
the oxygen is evolved. During the night this process ceases. 
It was known, too, that the roots absorb water from the soil, 
and with it any substance that the water holds in solution. In 
this way they obtain their mineral constituents, consisting 
chiefly of lime, potash, and phosphorus compounds together 
with more complex bodies containing nitrogen. 

The interior of a plant is a miniature chemical factory, taking 
in material from the air and soil, and building up with mar- 
vellous regularity and precision the complicated substances 
which determine its constitution. Among its products are 
timber, fibres, sugar, aromatic essences, perfumes, deadly 
poisons, healing drugs, and dyes that rival the rainbow in hue. 
The vegetable world, using throughout substantially the same 
raw materials, but in different proportions, specialises its manu- 
factures, each workshop, from the oak to the microscopic fungus, 
concentrating its energy upon a limited but characteristic series 
of finished goods. The only condition imposed is that the raw 
material shall be supplied in a soluble form so that the root 
hairs can convey it into the system. No matter how rich the 
soil may be in the elementary constituents necessary for growth, 
if these are not in a palatable and digestible form they are useless 
for the end in view. 

A chemical analysis of the plant will reveal the relative 
quantities of the various materials that are required for its 
growth, and manuring consists in supplying to the soil just 
those materials that are necessary to supplement the amount 
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which is available, jand which have been found to be necessary for 
the maximum yield. From the time of Liebig it has been recog- 
nised that potash and phosphorus compounds are necessary, 
and their effects have been fairly well understood, but the 
theory of action of nitrogen compounds was for long a subject 
of acute controversy. This, however, and many other problems 
of cultivation have been solved by the long series of experiments 
which have been carried on in the Lawes Agricultural Experi- 
ment Station since 1903. 

It has been established in the case of wheat that potash 
gives increased vigour and power to resist drought, damp, and 
rust, while phosphatio compounds promote root development 
in the early stages, and hasten ripening at a later period in the 
life of the plant. Nitrogenous manures encourage leaf growth 
and the attainment of vegetable maturity ; without nitrogen 
there is no progress beyond the seedling stage. A certain plot 
of ground on the station at Rothampstead has grown wheat 
continuously for seventy years, and still produces 13 bushels 
per acre. If a manure containing all the necessary mineral 
constituents but without nitrogen is added the yield is only 
increased to 15 bushels. The use of a nitrogenous manure 
alone raised the yield to 21 bushels, and the addition of both 
the mineral and nitrogenous manures to 35 bushels. These facts 
are illustrated in Fig. 137. 

Of aU the manures used by the farmer those containing nitrogen 
are the most costly, and remain for a shorter time in the soil. 
Some of the mineral substances such as superphosphate, basic 
slag, etc., serve for more than one season, but the nitrogenous 
manures are decomposed or washed out by the winter rains. 

Let us then review the various ways in wHch nitrogen required 
for growing crops is supplied to the soil. The ammonia, nitrous 
and nitric acids which are found in rain water, and which have 
been supposed to be formed by electric discharges in the upper 
regions of the atmosphere, provide an infinitesimal fraction of 
the amount required by the vegetable world. The vast ocean of 
nitrogen in the air, which amounts to 33,000 tons per acre, is not, 
except to a small extent in a way to be described later, capable of 
being assimilated directly by plants. The amount of animal and 
vegetable refuse containing the nitrogen which has been abstracted 
from the soil is limited. The ammonium sulphate obtained as a 
by-product m gas and coke manufacture roight be very largely 
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increased in amount, and akeady commands from £12 to £15 a 
ton. Here the nitrogen from the plants of the carboniferous 
age is being used to nourish and sustain their descendants. 

While the decay of animal and vegetable matter does yield 
some return to the soil, this return is neither immediate nor 
complete. Some artificial manuring is necessary sooner or 
later even with virgin soils, and nitrogenous manures are the 
most expensive which the farmer has to buy. For many years 
now the chief sources have been the guano beds in certain 
islands of the Pacific and in Peru, and the beds of sodium nitrate 
in Chile. Guano is the excrement of countless generations of 
sea birds. It is only found in limited areas, and cannot be 
relied upon for many years longer — at any rate, so far as the 
more extensive agricultural operations are concerned. The 
Chile saltpetre ” beds were in all probability formed by the 
drying up of a large lake which, occurring in a rainless district, 
left behind great deposits of salts which would ordinarily have 
been washed away. In several other parts of the world there* 
are similar tracts of desert in which the soil is impregnated 
with salts of sodium and potassium, and where the absence of 
water has proved a great obstacle to exploration. The present 
production of the Chile beds is about 2,000,000 tons per annum, 
of which four-fifths is used as a manure. (It should be observed 
that these beds have hitherto been the chief source of supply 
of nitric acid, which is prepared by acting on sodium nitrate with 
sulphuric acid, and of iodine). The probability of this raw 
material being exhausted within thirty or forty years may well 
give pause to those who study the conditions under which food 
is produced and the rate at which the demand for it is increasing. 

This was the position when in 1898 Sir William Crookes in hi^ 
Presidential Address to the British Association sounded a note 
of warning. The virgin soils of Canada, the Western States, 
and Argentina, rich as they are in nitrogen, caimot go on pro- 
ducing wheat indefinitely without overdrawing the nitrogen 
account in the Bank of Nature. And even if they could, the 
older countries could not continue to grow even a reasonable 
amount of home produce without supplying to an impoverished 
soil the material which plants need for their growth and sus- 
tenance. The only soil in Great Britain which is capable 
of producing a good yield of wheat without assistance is the 
black soil round the Wash, which contains ten times as 
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mucli available nitrogen as the soil in any other part of the 
country. 

It is characteristic of our age that the solution proposed by 
Sir William Crookes should be an accomplished fact within five 
years or so of its announcement. In Chapter IX, descriptions 
are given of the methods devised by Siemens and Halske, and 
Birkeland and Eyde, by which a small proportion of the nitrogen 
in the air is caused to combine with a little of the oxygen and 
the compound used to form calcium nitrate, a substance which is 
destined largely to replace the sodium nitrate from South America. 
Again, in Chapter X it is shown how the nitrogen which is an other- 
wise useless by-product in the manufacture of oxygen by Linde’s 
process, is passed over calcium carbide and converted into an 
available plant food called nitrohme. There are yet other pro- 
cesses which may be found commercially practicable, and it is 
clear now that the main and well-nigh inexhaustible reserve store 
of nitrogen has been tapped, there ^1 be no lack of material to 
recoup the earth for the depredations of former years. 

THE NATURE OF FERTILITY 

The supply of artificial manures is, of course, only a means of 
increasing productiveness, and though the general principles 
upon which successful cultivation must be conducted have been 
established by centuries of practice in the Agricultural Arts, 
it is only within recent years that a real insight has been obtained 
into the secrets of fertility. But beyond the breaking up of the 
surface to enable air to obtain access, and to provide a medium 
in which the roots can penetrate freely, and draining to prevent 
the accumulation of stagnant water, there is now a vast field 
of information about the changes which the materials undergo, 
and the causes to which they are due. A soil may contain all 
the necessary elementary constituents of plant food and yet be 
unfertile ; it may lose its fertihty temporarily by over-cropping 
and regain it by lying fallow, by bearing another crop, or by the 
addition to it of materials in which it is deficient. What then are 
the processes by which plant food is manufactured in and below 
the surface of the ground 

Generally speakmg, a soil can be regarded as a mass of inert 
mineral matter containing about 16 per cent of water. The 

^ An admirable account of tbe scientific principles of modem farming is 
given in Dr. E. J. Euasell’s FtrUlUy qf the Soil. (C&nibriclge Press.) 
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water contains certain mineral substances which it has dissolved, 
and the particles of soil in varying size form a framework over 
which the solution spreads as a thin film. Apart from the water 
there may be 80 per cent of mineral matter and 5 per cent of 
organic material — ^the decaying remains of vegetable and animal 
life. We have already seen that except for the infinitesimal 
amount of nitrogen compounds which falls with raia, and that 
which is added by the cultivator, the main source of nitrogenous 
food is the organic matter in the soil. The problem then lies in 
the decayed animal and vegetable material which accumulates 
in or is added to the land. 

Many years ago Pasteur showed that the soil contains bacteria 
— ^minute forms of vegetable life — which may exist in such 
numbers that they produce profound and far-reaching chemical 
changes in the material in which they live. Their size is about 
•niW ot a millimetre or mcix. They multiply under 

suitable conditions with extraordinary rapidity, one dividmg into 
two every 35 minutes, so that at the end of 12 hours one bacter- 
ium may have 12,000,000 descendants. A cubic inch of soil may 
contain several hundred millions of them. And in addition to 
these there are other lowly microscopic forms of vegetable life, 
such as fungi, and protozoa or similarly small members of the 
animal kingdom. We have to deal, therefore, not with a mixture 
of substances such as is ordinarily examined in the chemical 
laboratory, but with a teaming population living, working, dying, 
competing for nutriment, brealmg down the material in and on 
which they dwell, and effecting changes which are so numerous 
and complex that it passes the wit of man to unravel them. 

The jBrst suspicion that certain changes in the soil were 
biological rather than chemical arose in 1878. It was known that 
as a rule the form in which nitrogen is most easily assimilated is 
that of a nitrate, and that if ammonium salts are added they are 
rapidly converted into nitrates. When, therefore, it was found 
that nitrification, as the process is called, did not start imme- 
diately in an artificial soil, but required 20 days for commence- 
ment, it was suggested that the change depended upon the growth 
and multiplication of some form of Iffe. And in 1877 Warrington 
in England, and Winogradsky in Eussia, working independently, 
isolated the microbes responsible for the work. 

The change takes place in two stages, each due to the action 
of a particular bacterium. One converts the ammonia into 
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nitrous acid and the other converts the nitrous into nitric acid. 
Neither of them is able to effect the complete conversion ; they 
must work in co-operation. 

Ten years later another variety of the microscopic flora of the 
soil was discovered to serve a further purpose. The roots of 
plants belonging to the order leguminossa, comprising, among 
others, peas, beans, clover, and vetches, possess nodules (Fig. 138) 
on their roots, and these nodules were found to contain colonies of 
bacteria (Fig. 139) capable of absorbing nitrogen from the air, and 
converting it into protein for the use of the plant. They feed their 
host in return for a habitation and a home. 

In contradistinction to the nitrifyi^ig organisms first described, 
these are called nitroge/yirfixing bacteria. The same or a similar 
variety has been found on the roots of forest trees, and some 
are also found free in the soil. There is, in addition, a third form 
which in some way decomposes nitrogen compounds, producing 
free nitrogen which escapes into the air, and helping to maintain 
that uniformity of composition which is one of the most important 
and striking properties of the atmosphere. 

During the last ten years this underground society has yielded 
up still another of its secrets. Instead of working in apparent 
harmony and co-operation it would appear that some of them 
prey upon the others. In 1888 Frank had shown that if soil 
was heated to 130® C. its productiveness was decreased, but that if 
the temperature was not more than 100® 0. its productiveness 
was more than doubled, and the soluble constituents were 
increased. Five years later Hiltner and Sturmer showed that 
treating the soil with carbon bisulphide altered the microscopic 
flora. The number of bacteria whidi could be counted decreased 
by 75 per cent, but when the carbon bisulphide had evaporated 
their number increased until they became more numerous than 
before. At a later date toluene and other substances were found 
to have a similar effect. 

The whole question has been minutely investigated by Drs. 
Bussell and Hutchinson of the Eothampstead Experiment 
Station. A microscopic examination of the soil before and after 
heating or other treatment showed the presence in the former 
case of protozoa, algse, fungi, and other low forms of life, which 
were absent after heating or other treatment. The protozoa are 
extremely minute members of the animal kingdom, and two 
varieties which are recognised — coVpoda cucullm and amc&ba 
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nitropJiila — are known to devour bacteria. The algse and fungi 
may also operate in other ways which are unfavourable to the 
growth of more useful forms of vegetation. But if the protozoa 
are killed then the bacteria can increase, and so far as these 
are concerned in the manufacture of plant food, the soil will 
gain in fertility. 

The introduction of animal and vegetable refuse into the 
soil, therefore, benefits it in two ways. Part of it is converted 
into carbon dioxide, ammonia, water, and nitrogen, and part 
tends to accumulate, increasing by its texture the power of the 
soil to retain moisture. Some of the ammonia is absorbed by 
the clay constituents of the soil, forming a curious compound 
the nature of which is not yet known, and some of it is 
converted by the nitrifying bacteria into nitric acid. Part of 
the carbon dioxide is assimilated by the bacteria and other forms 
of plant life in the soil, and part escapes into the atmosphere to 
suffer a similar fate. The nitrogen is attacked by the nitrogen- 
fixing bacteria or escapes. 

Dr. Russell divides the microscopic life into three groups : — 

(а) Saprophytes, which live on and decompose organic matter. 

(б) Phagocytes, which devour living bacteria. 

(c) Larger organisms, which other ways than {&) are inimical 
to plant growth. 

Raising the temperature of the soil to 98° C. or treating it with 
carbon bisulphide, toluene, or other substances kills the members 
of groups (6) and (c) and allows the members of group (a) to 
increase and do their beneficial work more vigorously.^ 

The tendency in uncultivated lands is for nitrogen compounds 
to accumulate. Clearing and ploughing let in light, air, and 
rain. Some of the carbon dioxide and ammonia escape, and 
much of the soluble nitrogenous material is washed out of the 
soil. Deterioration goes on in new countries in all cases until 
wheat is displaced by rotation of crops. The exhaustion of the 
soil is not produced directly by the wheat crop, but by the 
method of cultivation altering the microscopic flora of the soil 
and destroying the natural balance of food supply and food 
demand. 

On so-called sour land there are doubtless other influences 
than those we have outlined, at work. In the absence of calcium 
^ The bacteria are killed but not their spores. 
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carbonate the decompositioii of organic matter may produce 
poisonous substances which hinder plant growth, and lack of 
fertility may be due to this cause rather than to the lack of 
available food. But in the main the explanation which has 
been given seems to be in accord with the greatest number of 
facts. It will be clear, however, that we are only on the threshold 
of a vast field of knowledge, the existence of which has been 
revealed by a glimpse into the underground world of the 
animal and vegetable kingdom. When the old agriculturalist 
spread manure over the land and grew his crops in rotation, he 
Imew by long experience that the results would be good ; but 
he was profoundly ignorant of the fact that he was altering the 
balance of microscopic existence down in the corridors and 
caverns of the soil. He did not realise that just as the highly 
organised plant he tended with such care built up from the 
materials in the air and about its roots the food, medicine, or 
fibre it required, so also the more lowly organised forms were 
busy preparing for consumption the food to be enjoyed by the 
aristocratic giants of their class. 

PEDIGEEB WHEAT 

When man is faced with a big problem like that of the world’s 
supply of wheat, he is not salted with a successful attack in 
one direction, but must needs seek other ways of extendmg his 
power and dominion over Nature. He knows that there is not 
one variety but many varieties of wheat, and that a fertile soil, 
cultivated by the most enlightened methods, cannot produce 
either the greatest quantity or the highest quality faom an 
inferior strain. 

For the sake of simplicity the matter may be considered from 
two points of view — quantity and quality. The amount of 
wheat produced in the world has been recently investigated by 
Mr. J. F. Unstead, and Professor H, N. Dickson, in his Presidential 
Address to the Geographical Section of the British Association 
in 1913 drew attention to the fact that the supply is not increasing 
as rapidly as the demand. The opinion is expressed that with 
present-day varieties and methods of farming the existing wheat- 
growing areas of the world will, sooner or later, be taxed beyond 
their capacity. 

Such a result could only be deferred for a time by the use of 
artificial manures. For in addition to suitable food the wheat 
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plant requires a stiff soil to support its long stem, a wet season of 
growth, and a warm dry period in which to ripen — conditions 
that are only found in certain regions of the globe. In many 
other districts the soil might be suitable, but the summer is too 
short or too wet, so that the grain would not ripen, or the disease 
called mst would make its appearance. The fact, however, 
that existing varieties have very definite requirements does not 
mean that other varieties, less fastidious in their needs, are 
unobtainable. All those that are grown now — ^and their name is 
legion — ^have developed from four which flourished in olden 
times, and where there has been so much change there is possi- 
bility of more. 

Consider now the question of quality. Everyone knows that 
some varieties of flour are better for baking than others, because 
they make a larger and better shaped loaf, and i^i has long been 
the practice to ascertain the quality of flour by an actual baking 
test before purchase. The theory of baking itself is not without 
interest. Flour consists essentially of three constituents — starch, 
a gummy substance known as glvten, and about 1 per cent of 
sitgar. When it is mixed with water, and yeast is added, the 
latter feeds on the sugar, producing carbon dioxide, which fills 
the mass of dough with small bubbles. The heat of the oven causes 
these bubbles to expand, and the final result is a light spongy 
framework of hardened gluten impregnated with grains of starch. 

The sugar is formed from the starch by the action of a non- 
living ferment called diastase, which appears to exhibit varying 
degrees of activity in different varieties of flour. The amount of 
sugar is fairly uniform, and when this has been used up by the 
yeast, the production of a further quantity of gas is dependent 
upon the action of the diastase in manufacturing more sugar. 
If the ferment is active, the yeast grows quickly, produces a 
large volume of gas, and makes a big loaf. But if the ferment is 
sluggish, the production of gas is slow, and a small loaf results. 
Professor T. B. Wood of Cambridge, who has been working on 
the problem of the strength of wheat for many years, has shown 
that the amount of gas evolved in a given time furnishes a very 
good guide to the size of loaf that will be produced, and he has 
devised a method of testing the baking strength of flour which 
can be performed on the grain from a single ear.^ 

^ The whole qiiestion is admirably treated in Professor Wood’s little book. 
The Story of a Loaf of Bread, (Cambridge Press.) 
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But the size of loaf is only one aspect of strength, for shape 
and texture are of considerable importance, and these depend, 
not on the diastatic fermentation of the starch, but upon the 
character of the gluten. All attempts to trace the result back 
to the chemical properties of gluten have failed. It is one of 
those curious substances known as colloids, the physical pro- 
perties — appearance, texture, etc. — of which are profoundly 
modified by the presence of small quantities of acids or salts. 
(A familiar example is albumin, the “ white ” of an egg.) It 
occurred, therefore, to Professor Wood that the variable character 
of the gluten in different kinds of flour might be due to the 
presence of a particular acid or salt in the grain. The final 
result of his work is to indicate that the shape and texture of 
the loaf are closely connected with the presence of phosphates, 
which are found in larger quantity in strong than in weak 
wheats. 

The result of unravelling the meaning of the term strength 
has been that millers and bakem are taking steps to confer upon 
weaker wheats those properties of strength which they so 
much desire. Malt extract, for example, contains an energetic 
diastatic ferment and, by spraying it over flour, the rate of for- 
mation of sugar, and therefore of gas, is increased. And in the 
other direction, certain phosphates are being mixed with flour 
in order to secure the shape and texture that brings the largest 
trade. 

But to return to the main problem. Hardier, earlier ripening, 
disease-resisting forms of wheat, producing a strong flour, are 
clearly desirable, and to these ends many minds are being 
directed. The problem is of peculiar importance to this 
country because English wheats lack strength, and have to be 
mixed with a hard Canadian or other variety for which a higher 
price is paid. It is of importance to the world at large 
because it is estimated that the loss from rust alone is equal to 
one-third of the world’s harvest. So the farmer, who has long 
recognised the importance of pedigree in cattle and sheep, has 
now realised the importance of plant breeding in enabling him to 
supply the workers in mines, in factories, and in transport with 
food. 

It has already been remarked that the breed of wheat is 
generally mixed, and it follows that valuable land, manure, and 
labour are being expended upon varieties which yield an inade- 
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quate return. Out of this fact two separate problems arise— one 
is to replace the inferior by superior varieties, and the other is 
to improve even the superior varieties themselves. The first 
problem is mainly one of selection. A variety that possesses the 
requisite qualities is singled out, and seed is sown. As the 
plants arrive at maturity seed is gathered, sown in the same way 
as before, and again used to increase the stock ; and when 
sufficient has been accumulated, it is distributed to fanners, 
who discard the varieties upon which they have hitherto 
depended. 

Until the last fifteen or twenty years the practice of plant 
breeding was carried on by the method of trial and error, and 
occasional success was a small oasis of comfort in a vast desert 
of failure. Yet the key of the hidden chamber was found nearly 
sixty years ago by August von Mendel, and was only rediscovered 
in the last year of the old century. Mendel’s Law of heredity is 
rather complicated, and space will not allow of its full statement 
or explanation here. It must suffice to say that the various 
characters possessed by plants and animals are of two kinds — 
dominant and recessive, and that the former are capable of 
being handed down from generation to generation, while the 
latter are liable to appear and disappear. When two plants are 
crossed the first generation is, generally, intermediate in character 
between the parents. If the seed from these plants is sown a 
second generation is obtained in which the characteristics of 
the parents are arranged in many possible combinations, but in 
certain definite proportions. Some of these types are fixed, 
and will continue to breed true. Others are not fixed and pro- 
duce a variety of progeny in each generation. But the essential 
fact is that Mendel’s Law enables the fixed types to be picked 
out in the second generation, so that the labour of selection, 
trial, and error is largely avoided. The second generation, in 
fact, reveals and separates the dominant and recessive characters 
of the parents. 

Mr. R. H. Bifien of Cambridge has applied this method to 
the hybridisation of wheat with encouraging results. He has 
shown that such properties as resistance to disease, yield, and 
baking strength are capable of being transmitted from genera- 
tion to generation, and are subject to Mendel’s Law. He has 
collected varieties of wheat from all parts of the world, grown 
them, and crossed those which seemed to possess qualities 
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wMch would be valuable in combination. In this way he has 
produced one variety that yields a heavy crop, having the same 
valuable baking properties as the hard wheats of North America 
and co mm anding the same price ; and another variety which is 
unaffected by rust. 

Such experiments are as yet only in a promising stage of 
infancy, and it is impossible to say what the outcome will be. But 
it is within the bounds of probability that the adaptability of 
the plant which produces the most valuable of all human foods 
will be increased, and that a wider area will be available for its 
cultivation. 

Let us note one other point before concluding. In this chapter 
and the last we have learnt something of the attempts which 
are being made to solve what is, to the white races of mankind, 
the great problem of the future. Western nations have learnt 
howto produce power; they have devised thousands of ingenious 
manufacturing processes ; they have covered a large part of 
the earth with a network of railways, of steamship lines, of 
telegraphs, and of wireless communication ; they have increased 
enormously in population ; and they have developed an appetite 
for a much more varied dietary than satisfied them in years gone 
by. But by imprisoning their people in workshops, factories, 
mines, and transport, they have limited the proportion available 
for producing the basic and essential material of food. As 
sources of power become exhausted in one place people may 
migrate to another. But they cannot much longer continue to 
increase in numbers without either a larger section being engaged 
in food production, or improved methods of winning from the 
soil that which is essential to their existence. 


CHAPTER XII 

RAILWAYS 

“ My son, the turkeys we eat all come out of little eggs.” 

Indeed, Father, I always thought the reverse.” 

This story from Punch illustrates the relation between Great 
Britain’s manufactures and her railway system. For it is cer- 
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tairdy true that neither could have grown without the other, and 
the development of both owes something to geographical circum- 
stances. The climate enables work to be done night and day all 
the year round. The ports are never closed, so that the railways 
can fetch and carry between the coast and the interior without 
interruption. The country is not mountainous, and the Great 
Central and Southern Plains permit of easy communication 
from east to west. There are few foaming torrents, or deep rifts 
or chasms, to be bridged, or high mountains to be tunnelled. 
And the childhood and youth of the railway system was fed 
and nourished by the increase of population, the concentration 
of vast numbers of people in towns, and the localisation of 
manufactures. Wherever the railway goes there is an immediate 
return upon the outlay. 

Contrast this with the circumstances of a railway driven 
across one of the great American plains. There the track had 
to be laid through a virgin coimtry many times greater in 
extent than Great Britain, with a sparse population engaged 
in wringing from the reluctant earth a bare livelihood. Unable 
to purchase or wanting little of the luxuries of city life, with 
little to send away, and with no time to travel, the early settlers 
were able to ofEer small encouragement to the railway pioneers. 
And so the great trans-continental lines were constructed with 
the certain knowledge that for the first few years the venture 
would not pay. 

The reader who has a little time to spare might employ it 
in an interesting way by drawing railway maps of different 
countries to the same scale on tracing paper, and by super- 
position, obtaining a comparison of the facilities for locomotion 
and transport. If, moreover, he compares at the same time the 
populations of the countries, he will obtain some idea of the 
connection between population and the magnitude and im- 
portance of a railway system that wiU illuminate many an 
otherwise obscure passage in national history. 

To offer a description of British railways to readers who live 
in Great Britain seems like taking coals to Newcastle, and to 
describe the railways of the world would require a volume 
larger than the one in which this chapter appears. But it will 
be of interest to notice a few of the more strilnng features of the 
progress made during the life of the present generation. 

Progress in railways differs accordnog as new or old lines are 
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being considered. In the latter it is not so much a question of 
invention in the ordinary sense of tbe word, as improvements 
in organisation to meet new demands and increased traffic, and 
alterations of the track to reduce the cost of working. The past 
twenty years has seen a demand on the one hand for long, high- 
speed, non-stop journeys in England, and for through trains in 
which people can live for days together when crossing the great 
continents of Asia and America. On the other hand, the concen- 
tration of people in large cities often within an hour’s journey 
of one another, has required an inter-urban and suburban service 
of frequent trains ; and this service has had sometimes to be 
established wholly or partially underground. It will be con- 
venient first to consider very briefly 

TRANS-CONTINENTAL LINES 

For mammoth engines, huge loads, and enormous distances, 
the enquirer must turn to the great continents of the old and the 
new worlds. North America was at first peopled only along the 
Atlantic seaboard and the Pacific slope. Until the railways 
came, the wide expanse of prairie and the stupendous heights 
of the Eocky Mountains separated the settlers in the east and 
west more effectually than if they had been divided by the 
rolling sea. The difficulties met with in the construction of these 
lines were enormous. On the one hand the directors, realising 
that for a time the business must be conducted at a loss, demanded 
cheapness. On the other, great natural obstacles required an 
expensive scheme. In the low-lying areas there were extensive 
tracts of bog to be crossed, and wide streams to be bridged over. 
But the Rockies provided the most serious problems. Long 
detours had to be made to avoid tunnelling, and the trains 
wound backwards and forwards along the mountain sides as they 
rose towards the summit. To save distance and time, steep 
gradients were included, and most of the Canadian and American 
Companies have spent millions in later years in relaying the line 
and driving tunnels to avoid detours and slopes that required 
three or four engines to mount them. In such country, indeed, 
it is often safer underground than on the surface ; for mile after 
mile has to be protected against avalanches and the peril which 
accompanies their fall. 

In another way, too, the local conditions influenced the plane 
of the engineers. Timber was plentiful and cheap, and masonrj 
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and steel were scarce, remote, and expensive. So abrupt dips 
in the land and deep gullies through which foamed mountain 
torrents were spanned by wooden trestle bridges. As the 
country became more thickly settled and business grew, these 
bridges were replaced by structures of masonry and steel, allowing 
for heavier loads, higher speeds, and a longer life; while as 
opportunity offered the single track was doubled between 
important stations. 

Apart from the achievements of construction, perhaps no 
railways in the world offer so much food for thought or provide 
so much material for interesting speculation as the great inter- 
oceanic lines of Canada — ^the Grand Trunk, the Canadian 
Pacific, and, when completed, the Canadian Northern. For these 
owe their origin less to the needs of the local inhabitants than 
to the growth of the population in European manufacturing 
countries. Only one-fif^ of the wheat consumed in England is 
grown at home, and Canada is one of the principal countries 
from which 80 per cent of our staple food supply comes. For 
carrying the wheat from the prairie provinces in 1912 no less 
than 190,000 cars were employed, made up into trains of from 
30 to 70 each, which, placed end to end, would stretch for 1100 
miles. During the past year the Canadian Pacific Railway 
Company have ordered 300 new locomotives and 12,600 new 
freight wagons. The locomotives are each 70 feet long, weigh 196 
tons, and develop 1500 horse-power (Fig. 140). The aggregate 
horse-power of these engines is therefore 450,000. A writer in 
the Special Souvenir Number of the Journal of Commerce^ 1913, 
from which this information is taken, adds further that the 12,500 
freight cars placed end to end would reach 92 miles. Or, if they 
were made up into 260 trains of 50 cars each and sent off at inter- 
vals of one hour they would take 10 J days to dispatch. And this 
order is not to establish a system but to meet the normal ex- 
pansion of trade. 

The construction of the track across stretches of rolling prairie 
has provided the American and Canadian engineers with scope 
for their ingenuity in mechanical track-laying, and several 
ingenious machines for this purpose have been used during 
the past ten years or so. The one illustrated in Fig. 141 was 
employed on the Grand Trunk Railway of Canada. A train is 
made up of the tracklayer, followed by half a dozen flat trucks 
canying rails, then the engine, and lastly a number of trucks 
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carrying sleepers. Alongside the train is a trough with rotating 
rollers at the bottom, and the sleepers, pitched into this from the 
trucks in the rear, are carried along and tumbled out at the side 
of the track. Here they are rapidly placed in position, while 
from the huge overhanging front of the tracklayer rails weighing 
over half a ton each are slung into place and spiked to the 
sleepers. The track is then ballasted and is ready for use at 
first by light loads, and within two or three months for heavy 
loads at high speeds. In this way progress has been made at 
the rate of 5 miles per day. Supposing the sleepers are only 
3 feet apart from centre to cenlare, this would involve fixing the 
astonishing number of 8800 sleepers per day. 

But the character of the land on the east presented its own 
special problems. There are numerous low divides from which the 
water drains but slowly, and when the spring sunshine disperses 
the winter’s frost, the land becomes a swamp. It is perhaps 
not out of place to note here that this feature determined the 
original native forms of locomotion; the birch-bark canoe 
enabled the water-courses which threaded the morass to serve 
as the highway in summer, and snowshoes and sledges became 
imperative in winter. "Wheeled vehicles were introduced on 
the North American Continent by Europeans. 

There are now only two of the five great continents which are 
not crossed by the steel road. Europe has a perfect network of 
railways. Asia is crossed by the Trans-Siberian Line which, 
though interrupted for a time by Lake Baikal, now proceeds 
round the sou^ern shore of that obstacle. North America is 
spanned by half a dozen lines, and with the completion of the 
Trans-Andean Eailway, which reaches the highest elevation of 
any railway in the world, the east and west coasts of South 
America are now in railway communication. But though much 
progress has been and is being made, the broken and thickly 
wooded character of Central Africa and the desert plains of 
Central Australia have hitherto presented impassable barriers 
on those continents. 

The enormous expense involved in trans-continental lines is 
an important consideration ; and unless they connect populous 
centres, or pass through rich mining or agricultural districts 
capable of early and rapid development, or serve some political 
purpose, they are not likely to be undertaken. The absence of 
water and the difficulty of feeding the workmen in the desert. 
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or the ceaseless efforts necessary to maintain clearings in 
tropical forests, demand an expenditure which is only justified 
by some powerful motive. And the tendency is not now so much 
towards big projects, as towards smaller enterprises which 
promise a quick return. 


TUBE EAILWAYS 

The pioneer railway engineers soon learned to pierce their 
way through great mountains, and the earlier volume contains 
an account of the way in which the Mont Cenis and St. Gothard 
tunnels were constructed. A different set of problems is met 
with in tunnels under water, of which those under the Severn, 
Mersey, and Thames are examples. As compared with either 
of these the construction of a shallow tunnel only a few feet 
below the surface of dry ground is a comparatively easy matter. 
But the types for which the early years of the twentieth century 
will be famous are the spiral tunnels in the Alps and the Eockies 
and the tube railways driven deeply beneath the earth’s surface 
in London. For such enterprises the way had been paved by 
nineteenth-century experiments, and to-day they are entered 
upon with the confidence bom of the consciousness that in- 
struments of precision, and tools of marvellously increased 
dexterity and power, will enable the work to be accomplished 
at a fraction of the cost that would have been involved twenty- 
five years ago. 

The invention which banished many of the difficulties of work- 
ing under water or through water-bearing ground was the 
Greathead Shield, named after the famous civil engineer who 
converted what had previously been a suggestion into a practical 
device. It consisted of a large iron tube equal in diameter 
to the external dimensions of the tunnel to be driven. The front 
end had a cutting edge, and the back was closed by two parallel 
partitions a few feet apart, fitted with airtight doors (Fig. 142). 
Compressed air was driven into the front end and this held back 
the water. The space between the two partitions formed an air 
look, so that men could enter, and material could be removed, 
without reducing very much the pressure in the maiu chamber. 
As the material in front was excavated the shield was forced for- 
ward by hydraulic pressure, and the tunnel was lined with iron as 
it proceeded. 
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The tuimels under the Severn and the Mersey were not con- 
structed in this way, and the difficulty of dealing with per- 
colating water was enormous. The first named took no less than 
thirteen years to complete. Both were opened in 1886. In 



addition to the main tunnel, which in each case slopes steeply 
towards the middle of the river, lower tunnels sloping in the 
opposite direction had to be made to draw ofi the water, see 



Kg. 143. Twice was the Severn tunnel flooded, the water 
entering at such a rate that the pumps were utterly unable to 
cope with it. And at one time it seemed doubtful whether that 
under the Mersey could be kept clear. Mr. Francis Fox describes 
how he and another engineer were found in the tunnel sitting 
under an umbrella, calcidating the rate of increase in the volume 
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of water, and poring over the conclusion that if it continued, 
their pumps would be unable to draw it away ! 

The use of compressed air for shaft sinkmg and timnelling 
had been patented by Lord Cochrane in 1830, but it was not 
actually used for the latter purpose until 1869, when Mr. P. W. 
Barlow and Mr. J. H. Greathead constructed the Tower footway 
under the Thames. In 1879 Mr. D. C. TTflfJHn started to drive 
the Hudson River Tunnel which runs under New York City. 
When, in the following year, the Northern branch had proceeded 
360 feet, the compressed air in the front of the shield blew out 
the top, and twenty men lost their lives. For a long time work 
was stopped, but in 1888-91 it was errtended 2000 feet by Sir 
Benjamin Baker and Mr. E. W. Moir, further progress being 
prevented by want of funds. A final attempt was made in 
1901, which proved successful, and the line was opened four 
years later. 

The value of the shield was thorou^y demonstrated by the 
construction between 1886 and 1890 of the City and South 
London Railway, which, under the direction of Mr. J. H. Great- 
head, was driven through sohd London day, 90 feet below the 
surface. This was the first really deep tunnel in the world, and the 
nature of the material through which it was driven would have 
rendered any other method impossible. The original line ran 
from King William Street to Stockwell. It was subsequently 
extended to Moorgate Street, to Clapham Common, and then to 
Islington, forming 6 miles of double tube 10 feet 6 inches diameter. 
Quite recently Ij^ miles have been added and the terminus 
brought to Euston. In the later work more rapid progress — 
nearly 12 yards a day — ^was attained by the use of Price’s 
excavator. This is a large wheel fixed at the front of the diield 
and carrying radial cutting blades, which carve out the material 
and throw it behind for removal. With soft clay it performs 
its duty admirably, but if boulders are encountered, they have 
to be broken up by pneumatic rock drills. 

One of the most interesting of the more recent tubes is the 
Charing Cross, Euston, and Hampstead Railway, which has 
aided so much the development of a residential distinct north of 
London. The depth varies considerably owing to the varying 
level of the surface. At one of its extremities the tube emerges 
from the surface, but the station at Hampstead is 192 feet 
deep, while at a point 300 yards farther north the line is 260 
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feet below the level of Hampstead Heath. The tube is 11 feet 
9 inches in diameter along the straight, 12 feet and 12 feet 
6 inches on curves, and 21 feet 2^ inches at the stations. So 
great is the accuracy with which this and similar tubes are 
driven that it is no uncommon event for both shields (one 
starting from each end) to meet edge to edge. They are then 
left in to form part of the iron lining. In the case of the Hamp- 
stead Tube, Mr. Francis Fox states^ that when the shields met 
in December, 1903, the following small inaccuracies were ob- 
served : — 

Error in direction J inch 

Error in level | inch 

Error in length - | inch 

The total distance was over 4000 yards. The appearance of 
a completed tube is shown in Fig. 144. 

These tunnels are small in diameter compared with some 
which are not used for railway traffic. The Blackwall tTumel, for 
example, is 24 feet 3 inches, and the Eotherhithe tunnel is 
larger — ^in fact, the largest in the world. The latter is 4800 
feet long and runs for over 1400 feet imder the Thames. At one 
point it is only 7 feet below the bed of the stream, and it was 
impossible to follow the usual practice of making a “ blanket ” 
by tipping earth over the spot, owing to the inconvenience this 
would have caused to navigation. A railway tunnel under the 
East and Hudson Rivers has some similarity to that at 
Rotherhithe in its proximity to the bed. The principal objec- 
tion is, of course, the danger of a “ blow-out,” and on one occasion 
a workman was actually expelled right tWugh the bottom of 
the river to the surface. It is remarkable that after such 
an experience he should have lived until the next day. 

In the early days the use of compressed air was attended by 
some loss of life from caisson disease, so-called because it had 
first appeared when compressed air was used for laying the 
foundations of bridge piers under water. A huge iron cylinder 
contaioing two partitions fitted with air-tight trap-doors, was 
lowered into the water, and by its own weight (with the doors 
open) it sank into the bed of the river. It was then emptied of 
water by pumping, and air forced into the lower chamber, so 
that men could go down and set the masonry or concrete founda- 

^ Riuery Hoad, and Bail. 
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tion. By allowiiig the door in only one partition to be open 
at a time the space formed an air-lock. Caisson disease has 
been investigated thoroughly in recent years by Dr. J. S. Haldane, 
Dr. Leonard Hill, and others, and has been found to be due to 
the fact that under increased pressure the nitrogen of the air 
dissolves in the blood, and is liberated in the form of bubbles 
when the pressure is removed. If the change from high to low 
pressure occurs rapidly the gas is liberated in large bubbles, 
which interfere dangerously with the circulation, and it is 
necessary for the change of pressure to take place gradually. 
The time required for decompression is, in fact, almost as long 
as the period during which the extra pressure has been ex- 
perienced. All divers are liable to the same disease, and elaborate 
precautions are taken to avoid it. Thus a man is only drawn 
up part of the way at a time after working in deep water ; and 
Dr. Leonard Hill has devised a diving bell with a decompression 
chamber, into which the men go for a time before emerging into 
the open. But as the disease and its causes are now well under- 
stood, work in compressed air is not now more dangerous than 
many occupations carried on in workshops and factories. 

Valuable, however, as was the Greathead Shield in enabling 
these subterranean corridors to be driven at a reasonable cost, 
not a little of their development has been due, as will appear 
from a perusal of Chapter XIII, to electric traction. Ventilation 
is at all times difficult in deep subways, and by no possibility 
could the smoke of locomotives have been extracted from the 
City and South London Railway. The use of electricity was in 
those days a bold experiment, but Dr. John Hopkinson’s opinion 
has been amply justified, and all the underground railways in 
London and other cities are now worked by this power. Still, a 
stagnant atmosphere is difficult to avoid, and the air in the 
deeper tunnels is purified by ozone. This is a highly active 
form of osygen, produced when a silent electrical discharge is 
passed through that gas or air. The air supplied to the London 
Tubes is passed through an apparatus which subjects it to a 
leak from metal surfaces connected to a source of high-tension 
electricity, and the ozone thus formed attacks and destroys the 
organic matter that tends to accumulate in the network of 
caverns below. 

One of the disadvantages of tube railways is the trouble of 
getting to and from the platforms. Steps are very inconvenient, 
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especially for elderly or stout people, and there are many to whom 
the sensation of travelling up or down in a lift is equally, if not 
more, objectionable. At some of the London stations — ^the 
Liverpool Street Station of the Central London Railway, for 
example — escalators have been erected. These are moving 
stairs which work in inclined tunnels. Those at Liverpool 
Street rise 40 feet, and the speed is 90 feet per minute. The 
four of them will convey as many passengers as ten of the 
ordinary lifts in use in the same. The principle upon which 
they work is very ingenious, and by the courtesy of the Otis 
, Elevator Company the author is able to include a description 
of the mechanical arrangements. The stairs are attached to a 
continuous chain which passes over a sprocket or toothed wheel 
at the top and bottom of the incline. The “ tread or standing 
portion of each step is supported on a wheeled truck and the 
two front wheels are closer together than the hind ones. Two 
pairs of rails are required — one pair of narrow gauge for the front 
wheels and one pair of wider gauge for the hind wheels. When the 
rails are on the level the “ treads ” follow one another closely, 
forming a moving platform, but at the foot of an incline the 
outer rails rise before the inner as shown in Fig. 145. In 
this way the tread always remains horizontal and the steps 
follow one another up the incline to the top, when the outer 
rail becomes level first. On either side is a flexible handrail 
which moves at the same rate as the steps, though the motion 
is so steady that there is really no need for it. 

The escalators usually installed have a carrying capacity of 
more than 10,000 people per hour. They were first exhibited at 
the Paris Exhibition of 1900, and have since been adopted to a 
considerable extent by railways, theatres, mills, and large stores 
in the United States. In London they are to be seen at Liverpool 
Street, Earl’s Court, Paddington, and eight others are in course 
of construction. These will carry over 2,000,000 passengers a 
day. Escalators are also made without the steps, these being 
replaced by a sort of chain of which the links provide a level 
foothold on the slope. Such an elevator is shown loaded with 
passengers in Fig. 146. 

THE MODERN LOCOMOTIVE 

The great railway engines of to-day— a perennial source of 
interest during the period of boyhood — ^have not altered much 
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in outward form during the last forty or fifty years, but they 
have increased very considerably in size and power. A typical 
engine of 1870 had a weight on the driving wheels of 15 tons ; 
the Great Bear of 1908 a weight of 60 tons. The pull of the 
former was over 10,000 lbs. ; that of the latter was over 26,000 
lbs. Fifty years ago the weight of a Great Western Express, 
excluding the engine and tender, was about 60 tons, whereas 
a modem train will weigh an 3 rthing from 200 to 350 tons, and 
some of the large freight trains of America reach nearly 700 
tons. 

Increased power in any engine is generally obtained by 
increasing the size and efficiency of the boiler and the size and 
number of the cylinders, in addition to which the various 
devices for preventing waste referred to in Chapter III are 
employed. On a locomotive, however, the size of the boiler is 
limited. If it is made higher the existing bridges would be in 
the way ; if made of larger diameter the driving wheels would 
have to be reduced in size, and though the largest driving 
wheels do not permit of the highest speeds there is a lower limit 
beyond which it is not desirable to go. With the existing gauge 
of 4 feet 8J inches larger boilers cannot well be employed, so 
that various methods are adopted to increase efficiency, and 
these may briefly be considered in turn. 

The draught in a locomotive is caused partly by the air which 
enters the front of the ash-box, owing to the motion of the 
train, and partly by the discharge of exhaust steam into the 
smoke-box. The earlier boilers were made with short smoke- 
boxes, but it has been found that a larger space under the 
chimney acts as a sort of reservoir, and the draught is much 
steadier. If one of the older engines of any of the railways, or 
even a modem London and South Western, be compared with 
a modem London and North Western, for example, the extended 
smoke-box will be quite noticeable. 

A disadvantage of the locomotive type of boiler is the unequal 
application of the heat. From the fire-box to the smoke-box there 
is a rapid fall of temperature, and each square foot of heating sur- 
face at the former end is capable of evaporating far more water 
in a given time than a siinilar area at the other end. This 
defect is mitigated in the cone boiler of the Great Western 
engines of the Great Bear class, designed by Mr. Churchward. 
These decrease in diameter towards the smoke-box, and with a 
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flat-topped fire-box of the Belpaixe pattern, they not only hold 
a larger quantity of water where the heat is greatest, but they 
enable drier steam to be drawn off without the provision of a 
dome. 

The special qualities of water-tube boilers have not escaped the 
attention of locomotive engineers, and the principle has been 
partially adopted on several lines. The simplest plan is that 
followed by Mr. Dugald Drummond on the London and South 
Western engines, in which a number of inclined tubes pass 
through the upper portion of the fire-box from side to side. 
Another type which involves a much more extensive system of 
water tubes has been devised by Herr Brotan, and has been in 
use on the Austrian State Eailways for the last twelve years. 
In this the main boiler has an upper drum or barrel, with which 
it is connected by two vertical wide tubes. The fire-box is 
really a nest of water tubes, which discharge into the upper 
drum, while the burnt gases pass through ordinary fire tubes in 
the lower one. A third type is used on the Southern Pacific, 
and a fourth on the Northern Eailway of France. The arrange- 
ment of water tubes in the fire-box of the last named is very 
similar to that of the Yarrow marine boiler illustrated on 
page 40. 

The earliest locomotives were constructed to bum coke, 
and it was not until the introduction of the brick arch which 
prevents flame playing directly on the ends of the tubes that 
coal was used. On the Great Eastern Eailway crude oil or 
creasote is used either alone or in addition to coal. The liquid 
fuel is sprayed into the fire-box by means of a jet of steam. In 
Eussia, in Mexico, and in the Far East, cmde petroleum is used 
to a far greater extent, and 3,000,000 tons per annum are used 
in the United States for this purpose. In some cases it has been 
necessary to employ it for passing through tunnels on lines which 
ordinarily use coal, because the more perfect combustion attain- 
able prevents the formation of smoke. 

Perhaps no development in locomotive constmction in recent 
years is more striking than the spread of superheating. The 
addition of superheaters is not new, and various forms have 
been introduce from time to time since 1840, but it is only 
during the last ten years or so that real progress has been made, 
and there are now at least 30,000 locomotives in different parts 
of the world delivering steam to the cylinders at a higher 
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temperature than that at which it left the boiler. The general 
principles upon which the superheater works and the way in 
which it efEects economy in the engine have been described in 
Chapter III. On the locomotive the chief difficulty has been 
to arrange a considerable length of tubing in the limited space 
available. In some cases the smoke-box has been used, but in 
the latest form of the Schmidt superheater, which is more widely 
used than any other, the relatively narrow tubing through which 
the steam passes on its way to the cylinder is contained in a 
number of larger flues leading from the upper part of the fire- 
box. The drier steam at a higher temperature leads to an 
economy of 10 to 15 per cent, though considerably higher figures 
are claimed. 

The method of feed-water heating so largely adopted with 
stationary engines is somewhat rare in locomotives, though 
Mr. Drummond has provided for it on some of the London and 
South Western engines. There is no doubt a saving to be 
effected in this way, but there is a special difficulty. The loco- 
motive boiler is fed, not by a pump, but by an injector, and 
readers of the earlier volume wffl recollect that this appliance 
works by condensation of a steam jet. Consequently an injector 
works more satisfactorily with cold water than with hot. 

When the boiler has reached the largest size that the bridges 
and gauge will permit, and when it has been equipped with the 
most efficient devices for improving the draught, for heating 
the feed-water, and for superheating the steam, the only other 
direction in which greater economy can be obtained is in the 
utilisation of the steam. The obvious method is to “ compound,” 
and to cause the steam to expand over a greater range through 
two, three, or four cylinders successively. At the same time, 
the impossibility of mounting all the paraphernalia of con- 
densing apparatus on a locomotive robs the system of some of 
its advantages. The compound engine on English railways has 
had a chequered career, and has been a sort of shuttlecock for 
successive locomotive superintendents. It has been flirted 
with by the Great Western, the Lancashire and Yorkshire, 
the Great Central, and the Great Northern ; taken up and dropped 
by the Great Eastern and the London and North Western ; and is 
in use by the North Eastern and to some extent by the Midland. 

The Continental and American Railways are fairly unanimous 
on the matter, and two and four-cylinder engines of this type 
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are the rule rather thau the exception on the big lines. It is 
claimed on their behalf that a saving, which may amount to 
20 per cent, results from the practice, and that this more than 
compensates for the extra cost of construction and maintenance. 
Some difllculty arises in starting. In the ordinary engine, steam 
goes direct to each cylinder, and the whole effect of the boiler 
pressure can be exerted to overcome the starting resistance. 
But in the compound engine the steam goes through the 
cylinders in series, and sufSLcient power for starting cannot 
always be obtained on the small high-pressure pistons. Some 
special arrangement by which steam can be sent directly into 
both cylinders at first is therefore adopted, and this increases 
the complexity of the engine. 

The apparent difference of opinion among locomotive engineers 
as to the merits of the compound engine is explained by a number 
of experiments undertaken by Mr. George Hughes, the Chief 
Locomotive Superintendent of the Lancashire and Yorkshire 
Railway. He showed that the value depended very largely 
upon the cost of coal. "When this rose to 12s. per ton or there- 
abouts compound engines were a distinct advantage, but where, 
as in England, coal could be purchased by railway companies 
for about 8s. a ton, the increased cost and complexity of the 
compound engine were hardly worth while. 

The modem classification of locomotives is based on the 
number of wheels, and the extent to which they are coupled. 
The front is supported by a pony truck, or bogie carriage, having 
two or four small wheels, while the main weight of the boiler 
is carried by two, four, six, eight or ten larger wheels which are 
usually coupled in order to increase the grip on the rails. 
The cab, too, is carried on none, two, or four bogie wheels. 
The usual arrangements are shown in Fig. 147 and the de- 
scription under each will render the diagram self-explanatory. 
The Great Western engine, the “ Great Bear,” is a 4-6-2, and 
is a good type of a modern express, and the Northern of France 
large engine is a 4-6-4. An 0-6-0 and 0-8-0 would represent 
heavy goods engines in which a powerful grip on the rails is 
necessary, and 4-8-0 and 0-8-4 would be heavy shunting engines. 
The larger wheel-bases belong to heavy freights and steep 
gradients such as are not usually met with in Great Britain. 

While locomotives in Great Britain exhibit no very great 
variety of pattern among themselves, they differ very materially 



Im(. 4()-C'LE\T EM’M.MOR 


To fine paf^c 224 




Fio 14S —A GARRAIT VRllCTLATRO LOCOMOTIM-: FOR THE WESTERN* ArsTRALIAX STATE RAILW \\ s 






RAILWAYS 


225 


from those in other parts of the world. Allusion has already 
been made to the powerful engines used by the Canadian Pacific 
Railway for drawing heavy freights. One of these has been 



illustrated in Fig. 140 ; it is a compound four-cylinder engine of 
the 4-6-4 type. ” 

On many colonial railways the track is laid to a narrow gauge, 
and contains sharp curves and steep gradients necessitated by 
cheapness of construction. For the same reason relatively light 
rails are used. Of the locomotives which have been designed 

Q 
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to meet tliese conditions none have been more successful than 
those of the famous Garratt type of articulated engines. By 
the courtesy of Messrs. Beyer, Peacock & Company, the author 
is able to illustrate one of these in Fig. 148. In November, 
1906, six of these engines were delivered to the Government of 
Western Australia for use on the State railways, and seven 
more — of which one is illustrated — ^were delivered in May, 1913. 
The gauge is 3 feet 6 inches, some of the curves are only of 5 
chains radius, and the gradients are as steep as 1 in 22. It was 
stipulated in regard to the first six that the load on each axle 
should not exceed 9 tons, and that the tractive force at 75 per 
cent of the boiler pressure should be not less than 21,000 lbs. 

The engine is really a double one consisting of a 2-6-0 and 
0-6-2. The boiler is carried on a frame resting upon, and 
pivoted to, the engine frames at each end. This double joint 
enables the locomotive to take sharp curves without grinding, 
or the heavier portions overhanging so far as to endanger the 
stability. The distance between the pivots is 25 feet. The 
absence of wheels under the boiler enables it to be designed 
independently of the restrictions which usually hamper the 
locomotive engineer. The engines are not compound, but 
Schmidt superheaters are fitted in the last seven. The two 
tenders carry 2000 gallons of water and 3 tons of coal. When 
full the total weight is just under 70 tons, and in no case does 
the load on one of the eight axles exceed 9 tons 7 cwt. 

An interesting and modern type of locomotive is illustrated 
in Pig. 149.1 This is one of a number which have recently 
been constructed by the famous Baldwin Locomotive Works 
for the Chesapeake and Ohio Railway, and which are intended 
to haul trains weighing nearly 700 tons over the AUeghanies. 
The main frame is of vanadium steel and the construction is 
adapted for heavy work. A very good view is obtained of the 
Walschaert valve-gear, which is preferred on the Continent 
and in America to Joy’s, which is used on British railways. A 
somewhat unusual feature is the position of the steam-pipe 
leading to the steam-chest, which in this case passes through the 
side of the smoke-box instead of downwards through the frame. 
The size of the engine may be gathered from the fact that the 
tractive force with 85-lbs. steam pressure is 44,000 lbs. That of 

^ Tills engine was illustrated and described in Engineering of November, 
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the Great Bear,” it will be remembered, is 26,000 lbs. The 
tender carries 8000 gallons of water and 14 tons of coal. 

Another monster engine made by the same company is shown 
in Fig. 160. It was built for the Southern Pacific Company, 
and is a compound four-cylinder engine with an oil-fired boiler. 
The engine and tank-tender measure over 90 feet long, and the 
latter carries 10,000 gallons of water and 3200 gallons of oil. 
Both this and the former engine are fitted with superheaters — 
the former with a Schmidt, and the latter with one of the Bald- 
win smoke-box type. 


RAILWAY SIGNALLING 

The fact that hundreds of thousands— nay, millions— of 
passengers are carried every year by the railways of the world 
with so few mishaps is a marvellous tribute to the watchfulness 
of engine-drivers and signalmen. The former may stand on 
the footplate of an engine for six or seven hours, with very few 
stops. He has to keep an eye on the pressure gauge, watch the 
level of the water, and observe whether the signals at intervals 
of at most a few nules are for or agamst him. True, he has a 
fireman with him, but the driver is responsible, and though the 
number of matters to which he must give attention has been 
reduced as far as possible, the speed has to be regulated so that the 
scheduled time is kept. All this is sufficient by daylight, but 
when darkness falls there is an additional strain, which is intensi- 
fied by rain, snow, or fog. In fact, some drivers will not face 
the responsibility, and decline promotion from the slow goods 
to fast passenger service. 

If the engine-driver must possess clear vision, the signalman 
must possess a clear head ; for he must have in mind aU the trains 
on his section of the line, and send and receive the messages 
that flash from box to box. At a big station like New Street, 
Birmingham, from which under ordinary conditions 700 trains 
are dispatched per day, there is no time for dalliance, and no 
room for men who cannot concentrate themselves wholly and 
solely upon that section of the steel road which is under their 
care. 

While a number of accidents arise from defective permanent- 
way and from culpable negligence, many have then origin in 
the inevitable (fallibility of man. It does not seem to be realised 



228 


DISCOVEEIES AND INVENTIONS 


generally that the danger of railway travelling lies in the per- 
fection of the organisation — ^partly human and partly mechanical 
— ^that controls the movements of the trains. Men who perform 
the same series of operations daily, year in and year out, act 
subconsciously ; they discharge their duties with a regularity 
that is machine-like in its precision. Amd this action is correct 
so long as the expected happens. But if the unexpected occurs ; 
if by some fatal mischance a train which should be in the next 
section has not entered it, there is an accident. The signalman 
has learnt by long experience to look, not for the unexpected, 
but for the expected. 

Whenever a railway accident occurs from the failure of a 
man, there is an outcry for the adoption of ^automatic devices ; 
and even as this chapter is being written the Midland Eailway 
Company have announced their intention to install an electrical 
apparatus to supplement the ordinary system. 

Before proceeding to consider some of the plans which have 
been or are likely to be adopted it will be desirable to consider 
more exactly the object which it is desired to achieve. At 
present every railway line is divided into sections or ” blocks ” 
varying in length from one mile to several, and the problem 
is to prevent more than one train being on one section at the 
same time. This is secured by having a signalman to set the 
signals at clear, caution, or danger, and an engine-driver to 
observe them. Mr. W. H. Dammond, writing in Cassier's 
Engineering Monthly for December, 1913, contends that of sixteen 
recent serious accidents in England, France, and America nine 
would have been prevented by a signal given in the cab of the 
engine, and seven if the ordinary signalling arrangements had been 
automatic. It will be well to deal with these aspects separately. 

Let us consider first the ordinary system of signalling. It 
may be presumed that everyone is familiar with the way in 
which a signal arm rises or falls when a lever is moved in the 
cabin, and knows that the ordinary means by which signal-arm and 
lever are connected is by long iron rods resting on wheels on 
short posts. When the signal is a long way off — and the dis- 
tance must be great for fast traffic — ^the labour of operating the 
levers is considerable, and by no system of balance-weights can 
this be entirely avoided. Some means by which the arm can be 
raised or lowered by power is therefore desirable, and three 
systems were described by Professor W. E. Dalby in his address 
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to the engineering section of the British Association in 1910. 
These three are the “ all-electric,” the “ low-pressure pneumatic/’ 
and the electro-pneumatic.” 

The first system is represented by the Mackenzie-Holland, 
and Westinghouse method employed on the Metropolitan and the 
Great Western, the “ Crewe ” system on the London and North 
Western Railway, and the system devised by Messrs. Siemens 
Brothers used on the Great Western Railway. The signal- 
arm in these cases is operated by an electro-magnet, the current 
for which is switched on or off at the signal-cabin. 

Low-pressure pneumatic signalling is in operation on the 
London and South Western and Great Central Railways. The 
signal-arms are operated by compressed air at 20 lbs. per square 
inch, and the valves are opened and closed by the usual system 
of levers and rods. 

The electro-pneumatic is the most popular and is used on 
most of the other lines. The air pressure is 65 lbs. per square 
inch and the valves are controlled by electricity. The small 
levers for switching on and off the electric current require less 
labour and occupy less space than those necessary when the 
signal-arms and points are operated directly. In the signal- 
cabin at the Central Station, Newcastle, there are no less than 
494 levers, and in the cabin of the Central Station, Glasgow, 
374. These figures give some idea of the complexity with which 
the modern railway engineer has to deal ; they also convey some 
notion of the onerous duties of the man who occupies the box. 

In the remainder of this section we shall consider various 
additional devices which are in operation or have been pro- 
posed, Care must be exercised to distinguish between cab- 
signals and train-stops. Two systems of cab-signals have 
been in operation for some time in England — ^the Audible, 
invented by some of the staff of the Great Western Railway, 
and another, invented by Mr. Raven, the Chief Locomotive 
Superintendent of the North Eastern Railway. They are also 
used on all the French railways. But so far train stops have 
been adopted only on electric railways, and, as we shafl see, it 
is rather in this direction that there is the greatest likelihood of 
important developments. 

A signal may be given in the cab of an engine in three ways ; 
firstly, by means of a trip lever, which stands up between 
or just outside the rails, and knocks over a lever on the engine as 
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the train passes ; secondly, 
by means of a ramp or 
sliding contact standing up 
above the level of the rails 
and touching a correspond- 
ing shoe or wheel on the 
engine ; and thirdly by wire- 
less communication. In all 
cases a mechanism on the 
engine is set in motion, and 
this may drop a small signal, 
blow a compressed air or 
steam whistle, light up an 
electric lamp, or even cut 
off steam and put on the 
brakes. Inattention on the 
part of the driver is in this 
case of no consequence. 
He is free to drive his en- 
gine, and regulate his speed, 
with the certainty that if 
the signals are against him, 
then snow, or fog, or dark- 
ness, notwithstanding, he 
will know of it, and if he 
does not respond quickly 
his train may be pulled 
up for him. 

The disadvantage of a 
trip lever situated near the 
ground (except in the case 
of tube railways) is that it 
is liable to become jammed 
by snow and ice. Conse- 
quently, experiments have 
been made with a lever 
mounted on a gallows, and 
capable of engaging another 
lever on the roof of the cab. 
In order to avoid too great 
rigidity, which is undesii- 
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able for bigli speeds, the upper lever is made to swing, and on 
a wind-swept piece of line this is again a disadvantage. 

The system which has been adopted by the German State 
railways and by the Midland Eailway involves wireless com- 
munication, and is known as the “railophone.” By the courtesy 
of International Railophones, limited, the author is able to 
give some account of the principles upon which the invention is 
based. A pair of insulated cables is either laid alongside the line 
underground or carried on poles, and along these an alternating 
current is sent. The current produces electro-magnetic waves 
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Fig. 162. Diagram of Connections on Engine in Railophone 
System of Railway Signalling. 

through which any train on this section of a line must pass. 
A large coil of wire carried on a frame on the engine or tender 
serves to collect the waves, and the current produced in it 
operates a special detector which is the joint invention of Herr 
von Kramer, the inventor of the system, and Professor Gisbert 
Kapp. So long as electric waves are being received the detector 
keeps a battery on the engine connected up ; but immediately 
the waves cease, the detector stops, the current is cut off, an 
electro-magnet releases an armature, a small signal in the cab 
falls, a compressed-air whistle, or electric hooter, or bell sounds, 
and by suitable devices the steam may be cut off and the brakes 
applied. The arrangements on the line and on the engine are 
shown diagrammatioally in Figs, 151 and 152. 





232 


DISCOVERIES AND INVENTIONS 


Temporary interruption of the waves as the train is approach- 
ing a distant signal is effected by making what is known as a 
loop in the line cable. Two of these loops as shown in Fig. 151 
will give rise to two short audible signals in the cab of the 
engine. These are merely to warn the driver that he is ap- 
proaching the signal. If it is at “ Clear ” nothing further hap- 
pens ; but if it is at danger and the driver ignores it, a prolonged 
audible signal is given, and the steam may be shut off and the 
brakes applied without further ceremony. 

A more complicated form of this apparatus enables telegrams 
to be sent between the moving train and a station, and tele- 
phonic communication can be established in a similar way. 
These methods have been well tested both in England and 
Gtermany, and it is stated that satisfactory results have been 
obtained. 

In ramp systems the apparatus on the locomotive is put into 
operation by the contact of a shoe or wheel with the ramp j&xed 
at the side of the line. In this case, of course, no collecting coil 
or detector is required. 

In aU these examples the existence of a signalman has been 
assumed, and the object of the various contrivances has been tq 
draw the driver’s attention to the fact that he is approaching 
a signal, and to prevent him running past a signal standing at 
danger. A completely automatic system would be created by 
causing a train standing on a section to connect up an electric 
circuit and thus set in operation the current in the section 
behind it. A system of this kind is being tried on the London 
and South Western Railway. 

It will, perhaps, be of interest to describe the method, adopted 
on the Metropolitan Railway, which has been admirably de- 
scribed by Professor Dalby in the address to which reference 
has been made. The system is electro-pneumatic, modified so 
as to be automatic so far as the signalman is concerned, except 
at junctions and points which have to be operated. The arrange- 
ment is shown diagrammatically in Fig. 153. Aj, Aj, and A# show 
the successive positions of the same train on the line, and 
the same letters show the corresponding indications of the signals 
at the side of the track. One rail is continuous, the separate 
lengt^ being metallically ‘‘bonded” together. The other 
rail is “ broken ” about every 300 yards, this distance con- 
stituting a section. At the beginning of each of these sections 
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is a signal. The train causes a short circuit in regard to each 
signal as it passes over the corresponding section, and the 
signal behind it is raised to danger. No train may therefore 
enter that section until the one in front has passed out, when 
the signal falls to the “ line clear ’’ position, and the next one 
is raised to danger.’* The frequency with which trains can 
follow one another is remarkable. At Earl’s Court no less than 
40 trains per hour can pass each way, or a total of 80 trains per 
hour on two lines. 

At junctions automatic working ceases, and the signals are 
controlled by a signalman. In each cabin is a small cast-iron 
box with 15 small spaces or windows each inches square. 
These have a white background when the Line is clear ; at 
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Fig. 163. Diagram of Metropolitan System op Railway Signalling. 


other times they show small indicators. On the approach of 
a train there is a click in the box, and a tablet stating the des- 
tination of the train appears in one of the windows. The signal- 
man then presses in a plug and a similar notice appears in the 
next signal-cabin. As the train passes the first cabin the man 
presses another plug and the indicator disappears. The progress 
of the train is therefore notified two cabins ahead, and if the 
line is not clear the signalman can stop the train. 

At present experiments on completely automatic arrangements 
are tentative, and such methods as are adopted will at first be 
supplementary to those already in existence ; there is no present 
intention of doing without signalmen altogether. But no 
partial provision will be of much value. There may be places 
where the risk of accidents is greatest — such as compheated 
crossings — ^but there are few spots on a railway where an accident 
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due to faulty signalling or observation may not occur. Tbe 
mishaps at such widely difEerent situations as Aisgill and Liver- 
pool St. James’s testify to that. 


Railway accidents are sometimes rendered more terrible 
by fire, which is most likely to occur when the carriages are 
lighted by gas ; and it is highly probable that this illuminant 
wiQ give way to electricity, which can be generated while the 
train is running and be stored in accumulators in the guard’s 
van. Another precaution is to use steel for the construction of 
the coaches, and some railways — ^notably the Hampstead Tube, 
and the Chicago, Milwaukee, and St. Paul — ^have already adopted 
this plan. Steel has the additional advantage that it does not 
splinter like timber, and is quite as capable of resisting shock. 
At the same time, it is easier to release an unfortimate passenger 
from a smashed-up wooden coach than from one of crumpled 
sheet-steel. The only tool that will cut steel rapidly is the oxy- 
acetylene blowpipe (see Chapter VII) and that cannot be us^ 
in very close proximity to a person’s body ! 

So much for railways. They are purely a product of the 
nineteenth century, and they mark off that period in the world’s 
history more effectively perhaps than any other results of man’s 
handiwork. The material progress that could have been made 
with the horse-drawn vehicle, or even the cumbrous canal boat, 
might well have been great, but if these had remained the most 
effective means of inland communication our population, trade, 
food, and clothing, and many of our manners and customs 
would probably be still what they were in 1850. 


CHAPTER XIII 

ELECTRIC TRACTION 

There is nothing very humorous about an electric tramcar, and 
the advertisements are often nearer tragedy ; yet the late 
Professor Ayrton once said that two conductors were required 
—one to take the current and the other to take the current coin. 
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Moreover, lie looked forward to tlie time when the first of these 
would be unnecessary. Though this stage has not been reached, 
the progress has been remarkable. The first example of electric 
traction was a miniature railway laid down by Messrs. Siemens 
& Halske at the Berlin Exhibition of 1879, and the method 
of conveying current to and from the motor is the same as on 
most electric railways to-day. A third rail ” is fixed alongside 
those upon which the cars run, and the current is collected by a 
sliding shoe ” attached to the locomotive or cars. Erom this 
shoe it passes to the motor, and back to the generating station 
through the ordinary rails. 

The presence of a “ live rail ’’ close to the ground renders this 
method unsuitable for use in public streets, and at the Paris 
Exhibition of 1881 a railway was shown in which the current 
was conveyed by two overhead wires, from which it was collected 
by sliders attached to wires leading to the motors. The upper 
slider was subsequently replaced by a small wheel, and it was 
also found possible to have one overhead wire and to return the 
current through the rails — a plan which is followed on nearly all 
tramways to-day. In recounting some of the progress since 
these pioneer efforts it will be convenient to deal with tramways 
and railways separately. 

TRAMS AND TRAMWAYS 

The children and young people of to-day are hardly able to 
realise that trams were once small, uncomfortable vehicles drawn 
by horses, and in a few cases by puffing and snorting steam- 
engines ; and yet it was not until after 1890 that electric tramways 
began to make any appreciable headway in this country. A few 
experiments had been made in the ’eighties, such as the lines 
from Portrush to Giant’s Causeway and from Ness to Newry, but 
these more nearly approached light railways than urban tram- 
ways. The causes which threw Great Britain behind in com- 
parison with America and Continental countries were complex, 
and need not be discussed here. When once the initial obstacles 
had been overcome the rate of development was rapid, and 
to-day few towns of any size or importance are without electric 
trams. In the more thickly populated parts of the country 
like the Potteries, Lancashire, and Yorkshire, the services of 
different towns are so complete that they form a linkage along 
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wliicli one can travel great distances. For example, it is possible 
to go from Liverpool to Manchester and Manchester to Leeds by 
electric tram, merely by changing from one system to another 
at the termini. 

The current for a tramway system is generated in a central 
station and supplied to the overhead wire at a pressure of 500 
volts. As the pressure between flow and return tends to become 
weaker as the distance from the station increases, the wire is 
usually divided into sections of about half a mile in length. The 
reader will probably have noticed at the edge of the footpath 
near a trolley-wire standard a rectangular metal box or pillar 
about 3 or 4 feet high. This is the feeder-pillar containing the 
switches which enable the current from the line section which 
starts at that point to be cut out. A glance overhead will reveal 
two cables running along the bracket and connected with the 
trolley wires. The trolley wires before and behind this pole 
belong to different sections. 

For very large tramway systems the current is distributed at 
a pressure of 6000 volts or more to sub-stations, in which it is 
transformed to 500 volts pressure for feeding the overhead 
wire. Whether or not this system is used depends upon the 
distance and the power to be transmitted. It is often cheaper to 
erect and equip sub-stations than to put in heavy copper cables 
over many square miles of country. 

It has already been remarked that the most suitable motor 
for tramway work is a series wound D.C. machine, which gives 
a strong torque or turning effect on starting. One of these is 
applied to a front and another to a back axle. The motors are 
fuUy enclosed to keep out dust. The axle passes through two 
holes in the casing at one side of the motor, which is suspended to 
the frame on the other side by a spring. This permits the toothed 
wheel on the armature-shaft to gear with a larger wheel on the 
axle in spite of any jolting due to the unevenness of the road. 
Figs. 154 and 156 show a well-known type constructed by Messrs. 
Dick, Kerr & Company. 

The device that usually mystifies young observers is the 
controller, which is fixed in front of the driver and has a handle 
projecting from the top. Who has not sat at the front end of a 
car watching the jer% movements of the driver’s hand and 
noting the readiness with which the car responds ? The prin- 
ciple and purpose, however, are very simple. The first movement 
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of the handle switches on the current, so that it reaches the 
motor only after passing through a number of wire resistance 
coils usually placed under the seats. The second movement 
cuts out one of these coils and allows more current to flow 
through the motor. The third step cuts out further resistance, 
and so on until the lever is turned to full speed and the motor 
receives the full strength of the current. The contacts are 
inside the controller box, and are separated one from another 
by sheets of non-conducting and non-inflammable material, so 
that if, as is quite possible, an arc forms at one contact, the 
others will be uninjured. A further precaution consists of an 
electro-magnet which tends to blow out the arc should one be 
formed. The box also contains a switch for reversing the direc- 
tion of the current through the motors and therefore the direction 
of the car. The arrangement is shown in Fig. 156. 

There are one or two details connected with the overhead 
wires and the rails which are of some interest. The points at 
the junction of two overhead lines are sometimes automatic in 
one direction, but require to be operated by hand for a car 
proceeding in the other. It is rather difficult to show this by 
an illustration, but the reader who desires to understand it 
should watch the action closely as the trolley passes the points. 
Again, at the junctions of the rails there is a tongue which opens 
out by the action of the wheels in one direction, but returns 
after the tram has passed. In some cases the tongue is quite 
loose and a boy is stationed at the junction to operate it for each 
car, A more recent plan is to operate this tongue by magnets on 
the car. 

The overhead wire and its trolley met with no little oppo- 
sition in the early days, and much was made of the unsightly 
character “of the equipment. The difficulties of providing an 
effective substitute, however, were so great that only two 
others have had a commercial trial, and these will now be 
described. 

In London and some other places the conduit system is in opera- 
tion. A shallow tunnel or conduit, lined with concrete and of a 
section shown in Fig. 157, is constructed between the two rails. 
On either side of this tunnel are the conductors which convey 
the current from the central or sub-station. Through a slot 
in the upper portion passes an arm leading from the car, and 
carrying at its lower end two slippers which make contact writh 
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the conductor rails. Erom these the current is led by wires to 
the motor. 

The Griffiths-Bedell (or G.B.) stud system is in operation at 
Lincoln. In this case current is carried by two iron conductors 



Kg. 158. D1A6BAMS TO Explain G.B. Stx’d Ststem. (After Whyte.) 

The car has a long slipper which is always in contact with one 
stud, and as the oar passes along an electro-magnet causes the 
slidirig piece at the lower end of the stud to make contact with 
the live cable. When the car has passed the spring lifts the 
sliding piece of the cable and the stud becomes dead. The 
arrangement is shown in sections in Kg. 168. 
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The rapidity with which electric tramcars can follow one 
another without confusion is really marvellous, and on some 
routes a service of a minute and a half is regularly maintained. 
Under these circumstances delay has to be avoided at all costs, 
and where no passengers are waiting at the optional stops 
both power and time can be saved it the driver keeps on. If, 
however, the conductor is busy collecting fares he is unable to 
keep that sharp look out which is essential to quick progress. 
During the last two or three years a new type of car — ^the pay-as- 
you-enter or P.A.Y.E. car (Fig. 169) — has been introduced. In 
this the conductor remains on the platform and collects fares from 
passengers as they enter. Entering and leaving passengers, 
moreover, are separated, so that less time is required at the 
more important stopping-place where a considerable number 
board or alight from the car. 

A powerful obstacle to the extension of a tramway system to 
the outskirts of a town before there is a guarantee of regular 
traffic is the cost of laying the track. This difficulty is being 
met in some towns by what is known as the trolley omnibus. 
This consists of a car constructed after the fashion of a motor- 
bus, driven by an electric motor, and collecting its current from 
overhead wires by means of two trolley poles, as shown in 
Figs. 160 and 161, No rails are necessary, the car is self-steering, 
and the trolley poles are so mounted that they can swing from 
side to side of the road without losing contact. The fact that 
such a car is not confined to rails renders it less of an obstruction 
than a car travelling on a fixed track, while it is obvious that a 
greater speed can be obtained. Moreover, if at any time the 
traffic on a route served by these cars develops sufficiently, 
it is quite easy to lay down the necessary rails. 

During the last few years trams have met with powerful com- 
petition from motor omnibuses. These have now been enor- 
mously improved; they are quicker, less noisy, and do not 
obstruct ordinary traffic so much as trams. They involve 
smaller capital outlay, require less labour, and can adopt any 
route that may be desirable at a moment’s notice. Many tram- 
ways are already utilising them as feeders for, or supplementary 
to, their existing system. But the capital sunk in tramway 
undertakings will certainly prevent any violent change, and the 
harsh griading roar of the trams will ofEend the ear for many 
years to come. 
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There is, however, another possible method by which the 
overhead equipment alone would fall into disuse, and that 
is by the use of accumulators carried on the cars and charged 
at the central station. The difficulty hitherto has been the 
great weight and fragility of the lead accumulator ; but the 
recent improvements made in the Edison storage battery appear 
to have rendered it capable of standing very rough usage. It 
is still heavy and expensive to manufacture, but it is very 
strongly made and its use on motor vehicles is extending very 
rapidly, especially in the United States. And if the employment 
of accumulators does become general, then the rumbfing tram 
and coughing petrol omnibus will be replaced by a rubber- 
tired vehicle with a silent motor, capable of high speed, and 
accurate steering, and possessing all the qualities which rapid 
urban traffic requires. 


ELECTRIC RAILWAYS 

The growth of enormous towns and groups of towns in close 
proximity reached such proportions towards the close of last 
century that the railway engineer found the problems which he 
had to solve separating into two groups. On the one hand there 
was the need of a quick suburban and inter-urban service with a 
fluctuating traffic, and on the other the need for an express 
service over long distances. The disadvantages of a locomotive 
and an ordinary train for the former are many, but one is ob- 
viously the waste in drawing a heavy engine with a tail of empty 
carriages during the slack period of the day. It is unnecessary 
to make more than a passing reference here to the establishment 
of rail-motor services in which a coach is fitted with a small 
steam-engine. This serves much the same purpose as the 
trackless tram already described, and is useful in dealing 
with traffic along a rural branch line which would not justify 
a large and heavy train ; and it is also used by several companies 
on suburban lines. 

The use of electricity in the early days was delayed to some 
extent by the notion that cheap water-power was essential, and 
the first electric railways owe their existence to causes altogether 
outside the special merits of electric traction. The first real 
electric railway in Great Britain was the Liverpool Overhead, 
which runs along the whole length of the docks on an elevated 
platform. There were clearly objections to an ordinary loco- 
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motive 30 feet above the street level, and the promoters decided 
to use electricity. Again, the railway imder the river Mersey 
was the first steam railway to be converted to the new method. 
Difficulties connected with pumping and ventilation, together 
with the steep gradients at either end, had resulted in lack of 
financial success, and electricity was adopted as a drastic step— 
a last desperate effort to convert imminent failure into ultimate 
success. 

About this time the City and South London line was opened. 
It was the first really deep underground railway in the world, 
and in it steam was clearly quite out of the question. The 
difficulty of ventilating even a shallow tunnel will be realised 
by those who remember the Metropolitan Railway in its days of 
steam. Its grime and fumes were a fit inspiration for Sir Lewis 
Morris* poem An Epic of Hades,** which was composed during 
many journeys through its poisonous atmosphere. Since then 
every tube railway in the world, with its paramount need for 
avoiding anything which would destroy the purity of the air, 
and many suburban lines with variable traffic and frequent 
stoppages, have adopted electric traction. 

Among the chief advantages of electricity in locomotion is 
the fact that the grip on the rails need not be concentrated at 
one point, but may be distributed over the train so that the 
whole weight of the coaches will aid the adhesion of the wheels. 
Thus two at least of the coaches, and in most cases the first 
and last, are provided with electric motors, which can all be 
operated from either end of the train. The electric motor 
gives rapid acceleration on starting ; no shunting is necessary, 
and when the train is ready for its return journey the driver 
merely walks down the platform to the other end. No current is 
Consumed when the train is not moving, and coaches can be 
put on or taken off to meet the variations of traffic. 

The City and South London, the famous New York, New 
Haven, and Hartford, the Swiss, and many other railways use 
electric locomotives, and some enormously powerful examples of 
this type have been built (Pig. 162). This practice is essential 
where only a section of a line is electrified. Thus the difficulty of 
ventilating the great alpine tunnels has led to the use of electricity, 
and the steam locomotive hands over the train to the electrical 
locomotive for this part of the journey only. Generally, however, 
the need for rapid acceleration on starting and the absence of 
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room for slmnting lead to the use of motor-cars and trailers on 
suburban service above or below ground. 

Pulling up suddenly and getting up speed rapidly, while 
achieved more easily by electricity than by any other form of 
power, throw a heavy strain on the equipment, and an interest- 
ing method of reducing it has been adopted on the Central 
London Railway. On this line each station is situated at the 
top of an incline, so that an approaching train slows down 
naturally on climbing the hill and acquires speed rapidly on 
descending. This natural method relieves the brakes in the 
one case and the electrical equipment in the other. But it is 
obviously not a plan that could be adopted on a line for fast 
through trains. 

Most of the London tubes are operated by direct current 
obtained from sub-stations. At the central station alternating 
current is produced and transmitted over fine wires to the sub- 
stations at a pressure of 5000 or 6000 volts. Here it passes 
through a rotary converter (see p. 94) and is delivered to the 
line at 500 volts. Thus, in the case of the London underground 
system, power is produced at Lot’s Road Generating Station, 
at Chelsea, and dispatched north, east, and west, over the whole 
of the area served by the tubes. This supply of a number of 
lines from one station equalises the demand, and enables the 
generating plant to run with uniform load. Incidentally 
it furnishes a magnificent example of the advantages of 
production on a large scale, whether it be of power or manu- 
factured goods. No set of independent stations supplying 
each line could be carried on so economically — ^there would be 
an inferior service, fares would be higher, and the accommoda- 
tion would possess less comfort and convenience. The single 
station provides a means of locomotion for several millions of 
people to whom speed and frequency of service are essential 
not only for themselves, but for the business of the empire. 
Erom the farthest points of the system — ^Ealing, Hoimslow, 
Highgate, Barking — ^the demand for more or less current is 
dispatched and answered in a fraction of a second. The system 
of wires and machines is like so many elastic threads attached 
to a central elastic support which yields, now in this direction, 
now in that, as occasion requires. 

The character of the current produced at this station is 3-phase, 
and after conversion to direct current it is communicated to the 
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train by what is known as the “third-rail” system, though, as a 
matter of fact, four rails are required. One rail outside those 
upon which the cars run conveys the current, while another 
in the middle of the track conducts it back to the station. Each 
coach carrying a motor has two shoes which slide along the 
conductor rails. The controller and other arrangements on 
the coach are very similar to those on an electric tramcar, 
which have already been described. There is, however, one 
feature which is worthy of separate description. 

On a steam locomotive there are always two men, the driver 
and the fireman, and if one of them is taken ill or dies suddenly 
the other is able to act in the emergency. But the driver 
of an electric train is alone. True, there are conductors, but they 
are some distance away, the trains follow one another at high 
speed, and only the driver can see the signals. If anything should 
happen to him and the current were not shut off, there might 
be a serious accident. For until the train passed through a 
station at which it ought to stop there woidd be nothing to 
warn the conductors and signalmen that something was amiss, 
and some little time might elapse, therefore, before the current 
could be cut off from a section of the line in front of the tram. 
Meanwhile, the cars would be rushing on to destruction with 
their passengers entirely oblivious of the threatening danger. 

Such an event is prevented by a device known as the “ dead 
man’s handle.” On the top of the controller handle, by the 
movement of which the current is switched on or off, is a small 
button. Unless this button is pressed the handle cannot be 
moved from the off position. If by any chance the driver 
releases the pressure the handle flies back to the off position, 
and the train comes to a standstill. Moreover, as the signalling 
arrangements are operated by the train itself the section on 
which it stands is closed to any train behind it, and an accident 
is averted- This plan is adopted on the Central London Railway, 
and a similar contrivance is now required by the Board of Trade in 
all cases. 

To return to systems of transmission. The 3-phase system 
with direct-current motors was adopted on all the earlier hues, 
on the Metropolitan and District Railways, and on the 
Lancashire and Yorkshire’s Liverpool and Southport Line. 
But about five or six years ago a new system came into operation. 
High-tension single-phase current is transmitted by overhead 
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wires all along the line, rendering sub-stations unnecessary. It 
is found that very large quantities of high-tension current can 
be collected by a slider, and as the single-phase current only 
requires one wire for its transmission against three for 3-phase 
there is an additional advantage. Practically the first line of 
this kind was the New York, New Haven, and Hartford Eailway, 
but the first in Great Britain was the Lancaster, Morecambe, 
and Heysham section of the Midland Eailway (Eig. 163). The 
power-house for this line is at Heysham, and uses gas from 
Mond gas-producers in gas-engines made by the British Westing- 
house Company. The overhead equipment was put up by the 
Midland Eailway Company, and the electrical equipment of the 
cars was supplied partly by the British Westinghouse and partly 
by Messrs. Siemens Brothers. As the single-phase system has 
since been adopted for the Swedish State railways, for the 
London, Brighton, and South Coast Line on their various 
suburban lines, and is now being extended to Brighton, it is 
clear that the plan has much to recommend it. 

The current is conveyed along overhead wires at a pressure 
of 6000 or 6600 volts, and this part of the equipment diflers 
materially from that in use on tramways. Not only must the 
insulation be more efiective, but the collector must remain 
in contact at high speeds. The ordinary tramway overhead 
wire is supported rather rigidly at intervals, and everyone must 
have observed the knocking ” which occurs when the trolley 
wheel passes over these points. The electric-railway cable, on 
the other hand, must be flexible, so that it yields lightly but 
uniformly to the pressure of the collector. If any wire, rope, or 
chain is stretched between two points it sags, and the amount of 
sagging is greater as the distance between the two points increases. 
The curve which it forms is well known to mathematicians and is 
called a catenary, from the Latin caieTia, a chain. No amount of 
stretching will ever make it quite straight, and an approach to a 
straight fine can only be obtained by supports at frequent inter- 
vals. But if the tramway method were adopted this wou^d 
raise the cost of electrifying a long stretch of line enormously. 

The difficulty has been overcome by hanging the conductor 
in stirrups from a suspended cable — ^as a matter of fact, two 
cables are used, the second being supported to the upper one by 
stirrups and the conductor wire being also suspended from the 
second by stirrups (Fig. 164). This gives a nearly level and per- 
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fectly flexible contact for the collector. The irregularities which 
would cause sparking and wear are therefore prevented. The 
amount of sag of the supporting cable depends upon its tension, 
and this is kept constant by fixing it one end of a section and hang- 
ing a weight of 1200 lbs, at the other. A cable hanging too freely 
would swing with the wind, or “ stagger,'’ as it is called, and it 
is found that this stagger should not be more than 2 feet for a 
collector 7 feet across. The conductor wire is usually of figure 8 
section, so that it can be clipped by the stirrups without inter- 
fering with the sliding contact below. 

The current in these single-phase lines is transformed on 
the train itself down to about 300 volts, and then conveyed — 
still as single-phase alternating current — ^to motors similar to 
those described on page 94. No sub-stations are required, 
and the plan, now well tried, is the simplest and most efficient 
that can be devised. 

Before leaving the question of electric traction it is interesting 
to notice that electricity has in this, as in other cases, created 
its own demand. The old horse-car could not provide a quicker 
service than one every fifteen minutes. This is the slowest that 
can be economically provided by electric cars, and in many 
places a car starts from the terminus every five minutes. Again, 
on the Inner Circle of the Metropolitan Railway there used to 
be 16 trains per hour, but with electric traction there are 40. 
Yet neither tram nor train run empty, and there is if anything 
a greater struggle for seats than ever there was in the old horse 
and steam days. In 1908 there were 204 miles of single-track 
railway worked wholly by electricity in the United Kingdom, 
and 200 miles worked partly by steam and partly by electricity. 

What London would do now if compelled to go back only 
fifteen years in history can hardly be imagined. The 138 miles 
worked by electricity carried, in 1908, 342,000,000 passengers, 
or one-third of the total number carried by all the railways of 
England and Wales. 

Such means of quick transit have an important influence in 
extending the area of large towns. The country is wealthy, and 
business men will live as far away from the centre of their town 
as they can cover in, say, an hour’s journey. So London and 
Liverpool by their electric suburban railways, and Manchester 
and Birmingham by their trams, are spreading out and coalescing 
with places which were once distinct and isolated. 
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CHAPTER XIV 

MOTOE-CAES 

When a modem schoolboy was asked for the meaning of the 
phrase “ the quick and the dead ” he replied that the quick 
were those who got out of the way of motor-cars and the dead 
were those who did not ; and there was, after all, a modicum 
of truth in the explanation. For the rate at which the speed 
of locomotion along public roads has increased in the last twenty 
years is amazing. The sedate and conservative citizen of the 
pre-Victorian period who pooh-poohed the idea of twelve miles 
an hour along pair of rails could certainly not have been con- 
vinced that within a hundred years three or four times that speed 
would be attainable on an ordinary road surface with present- 
day ease. And even in the early "nineties the members of that 
body which makes the laws were equally sceptical, if not of the 
possibility, at any rate of the desirability, of such a degree of 
speed. 

Attempts to drive vehicles on ordinary roads by mechanical 
power were perhaps earlier than those which led up to the railway, 
but were far later in coming to a successful issue. When the 
steam traction-engine made its appearance it was such a clumsy 
and terrifying contrivance that regulations were laid down to Unoit 
its speed, including the requirement that a man carrying a red 
flag should walk in front to give warning of its approach. During 
the middle of the century many steam carriages of small size were 
designed, but made no progress, because the weight of the boiler, 
water supply, and fuel were so great. Not until Daimler, after 
1886, had perfected his petrol-motor was there any possibility 
of rapid development. 

Early in the ’nineties this motor had been shown to be pecu- 
liarly suitable for propelling a "^horseless carriage,” and the 
result of a number of trials attracted public attention, and gave 
a great impetus to the industry in France. No headway could 
be made in England until the “ Red Flag Act ” was repealed 
in 1896. Once, however, this obstacle was removed, the peculiar 
conditions of Great Britain fostered the use, if not the manu- 
facture, of motor-cars. No country in the world has such 
a good supply of excellent roads. We are a wealthy nation and 
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people were attracted by the novelty and speed of the new mode of 
locomotion — ^people who could afford to lay out the money and 
spend time in mastering the idiosyncrasies of a new and occa- 
sionally recalcitrant machine. The demand for private cars 
and the experience of those who ran them helped in no small 
measure the improvement which made it possible to use them in 
the public service and for the purpose of commerce. At the 
International Eoad Congress, held in London in July, 1913, Mr. 
Lloyd George stated that there were in England more than 
220,000 motor vehicles ; twice as many as in any Continental 
country, but only one-third as many as in the United States. 

It is not proposed in this chapter to give the information that 
will enable anyone to select and manage a car, for such details 
are to be found in great fullness in the many excellent manuals 
devoted to the subject, and in the instructions issued by the 
different makers. A brief description of typical engines and of 
their mode of operation is contained in Chapter IV, and it 
will merely be necessary now to indicate the chief characters 
of the essential parts. The first thing, perhaps, that puzzles 
the uninitiated is the classification of types. Probably this 
is simpler in America where they have the Ford Car, the 6000- 
doUar car, and the 10,000-dollar car. But in Europe the motor- 
car has become the special possession of the wealthy and the 
aristocratic, and a maker’s catalogue reads like a French menu. 
A luxurious body for two, four, or six persons is described in 
words which convey small meaning to one possessing only a school 
knowledge of the language. Thus in addition to the phaeton, 
there are the torpedo, the limousine, the limousme-landaulette, 
the coupe-landaulette, the cabriolet, the cabrio-phaeton ; and 
all of these in ‘‘ streamline ” or other appropriately named forms. 

These terms refer only to the upper part or “ body.” The lower 
part, or frame upon wMch the body is supported, is called the 
‘^chassis.” It is constructed of steel, generally of channel (U) 
section. In addition there are the engine and its subsidiary 
contrivances, change-speed gear, driving-gear, and steering- 
gear. 

The general arrangement of these parts, which differs a little 
in different cars, will be clear from an inspection of Fig. 165, 
which shows a Singer chassis. The engine is in the front part 
of the car, and just behind is the clutch, then the gear-box, and 
lastly the back axle. The frame is coimected with the front and 
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back axle, through springs of the form which is familiar to all 
in the ordinary landau or four-wheeler.” In the Lanchester 
car these springs are not used to brace the axles and frame 
together, but are free to slide at the ends. This enables them to 
resist shock better, and accounts for the characteristic smooth- 
ness of running. Fig. 166 illustrates the flexibility of the sus- 
pension very effectively. It will be observed that the seats 
are not inclined to anjiihing like the extent that the height of 
the obstacle would suggest. 

If the motor-car owes its existence to the petrol-engine, it 
owes its lightness, speed, strength, and reliability to the new 
varieties of steel which have been introduced during the last 
fifteen years. If only the older alloys had been available the 
car would have weighed 20 or 30 per cent more, and a corre- 
sponding increase of power would have been required to drive 
it. It is stated in Chapter VIII that no less than six special 
steels are used for the different parts, and this would certainly 
not be the practice unless lightness and reliability were increased 
thereby. The Ford car owes its lightness to the use of vanadium 
steel, which is close-grained, free from cavities, and extremely 
uniform in composition and texture. It is, however, an ex- 
pensive material, and the low cost of the car is due to the fact 
that only one size and type is made. This admits of the extensive 
use of automatic machines and economy of production. 

Engines for motor-cars aU run at high speed — ^not less than 
1000 revolutions per minute, and until quite recently petrol 
has been their only fuel. The present scarcity of this substance 
is stimulating the search for substitutes, and the one most 
commonly employed is benzene, obtained during the distillation 
of coal or shale. The more usual name of this fuel among 
motorists is benzol or benzole. Its price is now Is. 4d. or Is. 6d. 
a gallon or even less, against Is. 9d. or Is. lOd. for petrol, and 
recent trials (July, 1913) at Brooklands showed that nearly 
30 per cent more power could be obtained from it than from an 
equal volume of petrol. But there are two or three disadvantages 
attending its use. One is that it is more diflSicult to ignite while 
the engine is cold, so that common practice is to start on petrol 
and then to switch on the benzol supply. A second is the 
liability of the substance to contain sulphur, and the products of 
combustion to corrode the cylinders and valves. A third is the 
tendency to form a carbonaceous or gummy deposit in the 



M0T0E-CAE8 


249 


cylinders and ports. The second disadvantage is very largely 
avoided by using only the purest quality of the spirit, and the 
third depends very much on the design and adjustment of the 
carburettor. Similar troubles may attend the use of an inferior 
quality of petrol. 

The noise made by the exhaust gases issuing from an internal- 
combustion engine render it necessary to use a silencer. This 
is a long tube pierced with holes and fixed inside one or more 
tubes similarly pierced. The resistance offered to the successive 
puffs breaks up the gases and causes them to issue quietly, in a 
continuous stream. The cylinders must also be cooled by water, 
and this has to be reduced to the smallest possible amount on 
account of the weight. After leaving the cylinder jackets the 
hot water flows through a nest of tubes having thin, waved, metal 
strips coiled round them on edge. These are placed in front of 
the car, where the strips, offering a large sinface to the air, 
are quickly cooled. The nest of tubes is called a radiator. 

The engine is placed at the front of the* car and the driving- 
wheels which grip the road at the rear. Between the head and 
the tail are a series of mechanisms, the form and construction of 
which are as important to the smooth running, and other qualities 
which determine the efficiency of the car, as the engine itself. 
First and foremost is the clutch, by which the engine is con- 
nected or disconnected with the transmission-shaft. This may 
be of the cone type, but preferably of the multiple plate type 
described on page 124, and having either coned or flat plates. 
The second mechanism is an arrangement of toothed wheels 
which enable the speed of the car to be altered. Of this there 
are two forms, one depending upon a set of wheels in pairs, one 
of each pair sliding along a square or “castellated” shaft. 
There is a fixed wheel on the engine-shaft which drives a fixed 
wheel on the short counter-shaft. The counter-shaft has two 
or three wheels which gear with similar wheels on the trans- 
mission-shaft. The latter is square or castellated so that it 
rotates when any one of the wheels is in gear. But by means 
of forks operated from a lever at the driver’s right hand, only 
one wheel can be put into operation at once. As the pairs of 
wheels — one on the counter-shaft and one on the transmission- 
shaft — differ in size, three speeds can be obtained in this way. 
A fourth — and higher — ^speed is obtained by coupling the 
engine-shaft directly to the transmission-shaft. For reversal 




Fig. 168 . Plan and Section of Change Gearing on Argyll Car. 

train, and is rather difficult for the non-mechanical reader to 
understand. The accompanying Kg. 169 may, however, help 
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to make the principle clear. A and B are toothed wheels, 
and the arm C can rotate about the same centre as A. D is a 
wheel with teeth on the inner side of the rim. If the arm is 
fixed then the motion of A is transmitted to D through the 
wheel B, so that D turns more slowly in the opposite direction. 
If D be clamped and the arm C released, this arm rotates at a 
rate depending on the sizes of A and B, and in the same direc- 
tion as A. If both C and D are free, power can only be trans- 
mitted through the engine-shaft. This gives two speeds ahead 
and one backwards, but one of the speeds ahead is that of the 
engine-shaft. Three sets of wheels like this are therefore neces- 
sary to give four speeds ahead and one reverse. The epicyclic 



Fig. 169. Diagram to Explain Epiotclio Change Gear. 

train has the advantage of occupying smaller space than ordinary 
gearing, and as the wheels are always engaged there is no fear 
of stripping the teeth. Kg. 170 is an external view of the change 
gear used on the Lanchester car. The three drums are held or 
released by small brake-shoes which clip them on opposite sides, 
and the gearing is wholly immersed in oil. 

The third mechanism is a flexible joint in the transmission- 
shaft, between the gear-box and the back axle. The engine 
and gear-box are fixed rigidly to the frame, and the rear axle, 
being attached by springs, is constantly rising and falling 
owing to inequalities in the road. A fixed shaft would therefore 
be bent, or throw undesirable strains on the bearmgs. The usual 
form of coupling is a Hooke’s joint consisting of two forks fixed 
to a block by pins — see Kg. 171, but a smoother action is ob- 
tained by a sphere grooved in two directions at right angles. An 
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additional joint, illustrated in Fig. 172, is used on the Lanchester 
and other cars. One end of the shaft is made square and fits 
into a square hole in a box on the other end. This gives flexibility 
in regard to length. 

The fourth and last step in the transmission of power is the 
arrangement for communicating the motion to the wheels, and 
is mechanically the most interesting feature of the whole system. 
The interest arises from the fact that, while both the rear wheels 
must receive power, they must be capable of rotating at different 
speeds. For when the car is turning a comer the outside wheel 
has the greater distance to cover, and if it were not free to 
turn faster than the other, one of them would have to slip. The 
back axle is therefore cut in the middle and the ends are con- 



Fig 174. Meckaxism of Live Axle op Lanohestbu Oae. 

nected through gearing which constitutes the live axle ” first 
applied to a full-sized motor-car by Mr. F. W. Lanchester in 1896. 

Notice first that each half of the axle has a bevel wheel fixed 
rigidly on the end. Between these two bevel wheels are two or 
four small bevel wheels in gear with the larger ones. The small 
wheels have their short axles mounted in a ring (see Fig. 173) 
or the interior of a circular box, so that the wheels point inward. 
If this ring or box is rotated then the small wheels carry the 
larger bevels round with them, and do not themselves rotate, 
so long as both the large bevels turn at the same rate. But the 
two bevels are quite free to rotate at different rates, and in that 
case the small wheels also turn. One of the bevels and the 
four small wheels are shown clearly in Fig. 174. Here one shaft 
and bevel has been removed. By comparing this Pig. with 
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Fig. 173 the way in which the small wheels fit the inner surface 
of the ring will also be clear. The ring in this case is operated 
by a worm fixed to the end of the transmission-shaft, and the 
whole arrangement is shown in Fig. 175. 

This worm-drive is adopted on the Lanchester and Argyll cars, 
and is noiseless and admirably efficient. Most other makers 
drive the ring or box by a small bevel pinion on the shaft, and 
this is in line with the back axle. The Lanchester worm is below 
and the Argyll above the axle. The former method ensures 
adequate lubrication, and when once the case has been filled 
with oil it will run without attention for 1000 miles. 

The various speeds and the clutch are operated by a lever at 
the driver’s right hand, and steering is efiected through a wheel 
in front of him. When this is turned it causes the two front 
wheels to awing round in the desired direction. These front 
wheels are mounted upon short axles attached to brackets 
which are fixed to the end of the front axle by pins about which 
they are free to turn. The so-called front aide is therefore part 
of the frame, to which it is attached by springs. The short axles 
upon which the front wheels are mounted are as a rule not 
horizontal, but inclined downward. This causes the lower 
portion of the rim to lie just under the pin about which the 
wheel is turned when steering. Any other arrangement would 
cause the wheel to roll forward or drag ; it would be harder to 
work and less sensitive in action. 

The brakes are usually operated by a foot-lever, and consist 
of a broad, flat ring or band of metal like a short drum on each 
rear wheel. Inside these is a split ring which ordinarily does 
not touch the outer one, but which is expanded by the move- 
ment of the foot-lever. Sometimes all four wheels are braked 
in this way. The Argyll car has an arrangement of diagonal 
braking which makes the retarding force on the near front wheel 
equal to that on the off rear wheel, and that on the off front 
wheel equal to that on the near rear wheel. This has a tendency 
to prevent skidding, and is very effective on greasy roads. An 
emergency-brake is also fitted to the transmission-shaft ; this 
enables the car to be pulled up suddenly with less fear of 
damage to the gearing. The tendency on the whole is to brake 
the back wheels only. 

On the top of the steering-wheel the reader will have noticed 
one or two small quadrants with a radial arm or arms. The 
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purpose of one is always to regulate the petrol supply, of the 
other to regulate the time of the spark. When the engine is 
running rapidly the time which the mixture of petrol and air 
takes to burn causes the explosion to lag behind the piston. 
The spark is then caused to take place a little earlier, so that the 
piston receives the full pressure of the burning gases. 

The car was originally, and still is in many cases, started by 
giving a half-turn or so to the engine-shaft, but for this purpose 
the (kiver has to leave his seat, and this journey round to the 
front of the car is to be avoided if possible. The earlier attempts 
followed the pattern of large engines and employed a small air 
pump worked from the engine, which automatically charged a 
reservoir with compressed air, or a cylinder of compressed 
acetylene. It was then easy to arrange for this to be used 
again in starting the engine. A very satisfactory starting device 
has now been fitted to the Cadillac cars in connection with the 
electric-lighting equipment. It consists of a small dynamo 
driven from the engine and charging a set of accumulators 
which operate the lamps. To start the car a switch is employed 
to connect the accumulators up in such a way as to drive the 
dynamo as a motor, and this drives the engine for a few seconds 
until the explosions begin. The device is simple, reliable, and 
effective. 

The modem motor-car is in all cases a comfortable convey- 
ance, and in the more expensive types it embodies a greater 
degree of luxury than any other medium of locomotion, except 
perhaps the Atlantic liner. Less smooth in movement than the 
aeroplane, but without the monotonous roll that characterises a 
ship, the irregularities of the road are softened and toned down 
by the most resilient upholstery that man has yet devised. The 
amount of room in a limousine body is surprising, and no cosy 
corner in a lady’s boudoir is more inviting than that shown in 
Fig. 176. Here is complete protection from the weather, 
warmth, a gentle oscillation, and a gliding panorama of scenery 
outside the window. For those who prefer the open air the 
touring body provides all the comfort that, and as much air as, 
anyone has a right to enjoy, for a little smaller cost. 

A substantial well-built modem car costs, with all accessories, 
from £200 to £500, though it is easy to run the price up to £1300 
or £1400. Some of this value represents the expensive system 
of advertising and trials adopted by the industry, and a good 
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deal more to the fact that in catering for a wealthy body of 
customers the number of types has been needlessly increased. 
A cheap car can only be produced when the pattern is standard- 
ised and the whole of the machinery and organisation of a 
large works is concentrated upon its production. The Ford 
car, first manufactured in America, which can be purchased 
for from £125 to £180 according to the t 3 rpe of body, is a case in 
point. This is very light, and English makers prefer to turn out 
a heavier vehicle, which they consider is more durable and will 
give the best results in the long run. But the Ford car appeals 
to the man with limited resources and sells in enormous numbers. 

There has been a welcome movement during the last three or 
four years to produce smaller and cheaper cars for people of 
moderate means. These are of two forms — ^the light-car and 
cycle-car. The former is in all essential respects similar to an 
ordinary motor-car, but with a lighter frame, and an 8 or 10 
horse-power air-cooled engine. The cycle-car, as its name implies, 
has a feame built up in the same way as a tricycle, though it may 
have four wheels. The cost of a hght-car varies from £120 to 
£200, and that of a cycle-car from £80 to £120. For those who 
desire l^ompany and object to sitting in a cramped position astride 
a rail on a motor-cycle they furnish an admirable alternative. At 
present the chief objection appears to be the air-cooled engine, 
which is liable to become overheated in a long hill-climb ; but for 
those who have less craving for the strenuous life, it'enables all the 
delights of motoring to be enjoyed at a smaller expense than 
the possession of a large car involves. 

To those who can remember the old high bicycle and its 
displacement by the safety, the extraordinary development of 
the motor-cycle is merely a repetition of history. Here, again, 
230,000 miles of the best roads in the world, coupled with vast 
wealth from manufacturing industry, enable thousands of 
people to lay out the £50 or £60 that is required, and this in its 
turn enables business to be done in less time, and holidays to 
be taken more frequently and at less expense, than if the rail- 
way and the horsed vehicle were the only means of locomotion. 

It has already been remarked that the first use of the motor- 
car was for pleasure. It was expensive and not very reliable, and 
possessed many of those qualities upon which the spirit of 
adventure feeds. The first commercial use was probably made 
by medical men, who found that speed was of considerable 
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value in enabling a larger practice to be built up without assist- 
ance. But when through the tribulation of private OAvners and 
the efforts of manufacturers a reasonable degree of reliability 
had been secured, a public service was established first in the 
form of taxi-cabs, and later by tradesmen’s delivery vans. 
Perhaps no change in the appearance of the streets of large 
towns has ever been so rapid as that which has resulted in the 
partial displacement of the horse. At the inaugural meeting of 
the International Road Congress in London in July, 1913, Mr. 
Lloyd George gave the results of observation carried out on a 
Sunday morning on one of the secondary arteries leading out of 
London. There were 100 bicycles, 50 motor-bicycles, 30 motor- 
buses, 300 motor-cars, and 15 horsed vehicles. 

This enormous traffic has introduced a new problem for the 
civil engineer. The old macadamised road, which has served 
the purpose for 100 years, has had its day. Under the endless 
succession of vehicles that flash from point to point with frequent 
stoppages, the surface crumbles up, and it has been necessary 
to use the hardest material, such as broken granite with bitumen 
or tar to bind the separate fragments together and form 
an elastic matrix which, by yielding to pressure, reduces wear. 

The motor-van or dray is now an essential part of military 
equipment. No country in the world has such a close network 
of railways as Great Britain, yet there are many parts specially 
adapted for military operations which are not readily approached 
by train. But the enormous amount of transport required by 
a large army would render it a very expensive matter to pur- 
chase and maintain a sufficient number of motor vehicles, and 
the plan adopted by European countries is to subsidise private 
owners for the use of their vans in time of war. Very stringent 
regulations as to weight, speed, and hill-climbing power are laid 
down, and this will tend to standardise the type of vehicle used. 

The remarkable improvement which has been made during 
the last ten years in the motor omnibus is threatening, if not 
the existence, at least the extension, of the tramways* With 
equal speed, and very little smaller capacity, it has the ad- 
vantage of not requiring an enormous expenditure on track and 
overhead equipment, and of being able to thread its way through 
crowded thoroughfares with far less interruption to the traffic 
than an ordinary tramcar. The struggle between tramways and 
railways for the suburban traffic in large towns is now com- 
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plicated by the motor vehicle, and there seems to be little doubt 
that the petrol or electrically driven bus will obtain at least 
enough business to subsist upon. 

It is interesting to notice that a long time must elapse before 
competing systems of this kind arrive at a steady state in which 
one or other is the victor. The extraordinarily rapid growth of 
towns during the past twenty-five years has enabled new forms 
of mechanical transport to gain a footing without in many cases 
appreciably affecting the old. There has been enough, and to 
sparer for both. The new methods have simply encouraged 
more people to take advantage of facilities offered, and the new 
supply has created its own demand. What is not so clear is 
how long these conditions are going to last, and which form of 
locomotion will predominate when competition really begins. 


CHAPTEE XV 

MODERN SHIPS 

Probably no field of invention has been more startling in its 
results than that connected with ocean transport. The old 
vessels in which the adventurous spirits of the sixteenth and 
seventeenth centuries sallied forth across the waste of waters 
and founded the British Empire, possess only a superficial resem- 
blance to the magnificent vessels of the present day. And when 
one looks at the comfort and convenience of the modem steamer 
the imagination is exercised to picture the daring and hardihood 
that planned and executed those early voyages. In the volume 
dealing with the nineteenth century an account is given of the 
advent of the iron and steel ship and of the growth in power 
and speed which had taken place by 1890. It may safely be 
said that the progress during the past twenty-five years has been 
as remarkable as anything that preceded it. At the same time, 
there is probably a good deal of popular misconception in 
regard to size. The newspapers have dealt so generously with 
the giant Ounarders, the Las^tama and Maweimia, and with the 
still larger White Star Olympic, that these huge liners are regarded 
as representative. But as a matter of fact, they are only engaged 
in the Atlantic trade. Together with the equally large vessels 
s 
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of the Hamburg- America Line, they owe their existence to, and 
represent in full measure, the commercial interests existing 


between Europe and 
America. 

Thus, in 1912, if 
steamers of less than 
600 tons are ex- 
cluded, the average 
size of the ships 
launched in Great 
Britain was 4000 | 
tons. Only 16 ves- 5 
sels were over 10,000 I 
tons, and 54 were £ 
between 6000 and | 

10.000 tons. The ; 
general cargo boat | 
is not as a rule more | 
than 6000 tons, be- S 
cause beyond this | 
size diflSiculties arise | 
in making up and | 
breaking cargo. The g 
finest passenger and | 
cargo vessels, with | 
the exception of s 
those already | 
named, are under g 

20.000 tons — ^thus 2 
the White Star | 
vessel Ceramic, of S 

18.000 tons, is the | 

largest vessel sail- | 
ing to Australia, | 
and the Lcmrentic, 
14,500 tons, of the 
same company is the 
largest in the Can- 
adian trade. The 
tonnage of the ships 
of company 
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sHows in a striking manner the suddenness of the increase in 
size. Only six vessels of the fleet are more than 20,000 tons. 


They are : — 

Celtic . 


. 21,000 tons. Built in 1901. 

CedHc . 


. 21,000 „ 

„ 1901. 

Baltic . 


. 24,000 „ 

„ 1904. 

Ad/riatic 


. 24,600 „ 

„ 1907. 

Olympic 


. 46,000 „ 

„ 1910. 

Britannic 


. 50,000 „ 

building. 


Similarly the first Cunard vessel over 20,000 tons, the Caronia, 
was launched in 1905, and was followed two years later 
by the I/usitania, of 32,000 tons. The tables given on pages 
268 and 259 will show how the fleet of each company has grown 
in size, speed, and means of propulsion, since it was first 
established. 


COITSTRTJOTION 

The problem of constructing a ship of adequate strength is 
a very interesting one. The chief forces that have to be con- 
sider^ in an ocean-going boat are those which arise from the 
uneven surface of the water. Fig. 179 shows how at one moment 



SHIP ON WAVE-SACOINO 



SHIP ON WAVE - HOOOINO 

Fig. 179 . The Nied foe LoNorrunnfAii Steenoth. 


she may be supported at both ends on the crests of two waves, 
and at another supported in the middle on the crest of one wave, 
with both ends free. In both cases the forces called into play 
are the same as those in a beam supported in a similar way. 
And it is clear that a form of construction similar to that of a 
box-girder shown in Fig. 180 is essential. The effect is obviously 
more serious as the length of the ship increases. 

The old wooden ship was of no great length, and no great 
strength was required in a longitudinal direction. All the 
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heavy timbering was concentrated in the ribs running from 
deck to keel. If she was strong enough to escape being battered 
in, her bottom, sides, and deck were strong enou^ to prevent 
her back being broken. But the advent of iron and steel ships 
brought a great increase of lengih, particularly when it was 
found that an increase in carrying power could be effected in 
this way without a correspon^g increase in the horse-power 
required. As the length increased the transverse system became 
no longer permissible, and methods were devised by Scott- 
Russell and others to stiffen the frame in a^longitudinal direction. 
At the present time a good many ships are being constructed 
on the Isherwood system, of which an illustration is given 
in Fig. 181. The transverse frames or ribs are slotted at 



Hg. 180. OOHFABISON OF SSOXIONS OF BoX-GIBUXB AFTI) ATLANTIC LiNXB. 

intervals on the outer edge and longitudinal girders are let 
into them. Both transverse and longitudinal framework are 
therefore flush on the outer surface, and the plating is fixed 
rigidly to both. In addition to increased stren^ arising from 
a better distribution of material, the inventor claims that it 
gives an increase of space for bale goods, or a greater dead- 
wei^t carrying capacity, while the ventilation is simplified. 
It appears to be particiilarly suitable fox oil-tank vessels, but 
is being adopted for all classes of ships. Though only intro- 
duced in 1908 there were 248 built or beiug built on this system in 
1913. Forty-eight shipyards were engaged in the work, and the 
tonnage amounted to over a million. No fewer than 86 are oil- 
tankers, with a combined capacity of half a million tons. 

A more recent method is the Monitor system, in which a double 
curve or corrugation is arranged very nearly from end to end of 
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the ship. It is claimed for this system that less power is required 
for a given speed, and that the ship is less prone to roll. At the 
time of writing, only two ships — ^the Monitoria and the Hyltonia — 
have been constructed on this plan, but Messrs. Furness, Withy 
& Company, the owners, have ordered another to be built 
in the same way. 

There is a very general tendency nowadays to look closely 
into the quantity and distribution of the metal in the hull, and 
it is quite possible that a considerable saving of weight will be 
effected, and result in a corresponding increase of carrying 
capacity. The shipbuilder benefits by the improvements in the 
manufacture of steel described in Chapter VIII. Not only 
is the material more reliable, but it is supplied in larger pieces, 
so that the amount of labour involved is less. When the Great 
Eastern was built in 1868 the plates used in her “ skin ” were 
10 feet long and 2 feet 9 inches wide ; the plates used on a large 
modem vessel are 30 feet long and 6 feet wide. The area of the 
old plate was therefore 27 J square feet; of the modern one 
150 square feet. In the Wldte Star Liner Olympic most of the 
plates are 30 feet by 6 feet and wei^ between and 3 tons, 
while the largest shell plates are 36 feet long and weigh 4^ tons. 
The stem frame, which carries the rudder and the bearings for 
the propeller-shafts, is a steel casting. That of the Aquiiania 
weighs 62 tons. The Olympic's stem frame is cast in portions 
weighing together 70 tons ; there are in addition an after bracket 
weighing over 73 tons, a forward bracket weighing 46 tons, 
while the mdder, cast in six pieces, weighs lOlJ- tons ! 

Some idea of the meaning of these figures will be given by the 
accompanying illustrations. Fig. 182 is a view of the stem of 
the Olympic just before she was launched. The size will be 
gathered from a comparison of the men with the propeller-shaft. 
Fig. 183 is a photograph of No. 4 funnel on the same vessel, 
ready for fixing in position. It is oval in form, the longest 
diameter being 24 feet 6 inches and the shortest 19 foot. They 
reach to an average height above the furnace bars of 150 feet. 
These four funnels have to serve 24 double-ended and 5 single- 
ended boilers. The former are 15 feet 9 inches diameter and 
20 feet long with 6 furnaces each. The latter are of the same 
diameter, but only 11 feet 9 inches long with 3 furnaces. There 
are consequently 159 furnaces. 

The largest vessel hitherto launched is the Cunard quadruple- 
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screw turbine steamship Aquitania. She is 901 feet long, 97 
feet beam, and with a depth to the boat-deck of 92 feet 6 inches. 
Her gross tonnage is 47,000 tons, her speed 23 knots, and she will 
have accommodation for 3250 passengers and a crew of nearly 
1000 men. There is a double skin with an average distance 
between the two of 16 feet. This space is subdivided by numerous 
bulkheads at short intervals, and the whole of the ship has 
16 bulkheads passing right through from port to starboard. 
Erahm's anti-rolling tanks, which have been thoroughly 
tested on the Laconia, will be installed, and the boats will be 
suf&cient to carry every member of the passengers and crew. 
The accommodation for passengers covers eight decks, and, in 
addition to the rooms to which travellers by this line have 
become accustomed, all the comforts and conveniences of more 
recent vessels will be incorporated. 


SFKED 

Another feature in which the giants of the White Star and 
Cunard Lines are not representative is the speed. The usual 
speed of a cargo boat is 10 to 12 knots, though the newer ships 
which bring chilled beef from the Argentine and frozen mutton 
from Australia and New Zealand are capable of steaming at 
15 knots. Some of the most popular passenger vessels make 
from 17 to 20 knots. Thus the Cunard Liners UnAria and 
Etruria, sister ships, of 8000 tons each, which were launched in 
1884, had a speed of 19 knots and held the Atlantic record for 
many years. They were replaced by the Campania and Lucama 
of 13,000 tons and 22 knots. The Lusitania and Mam^ania, 
launched in 1907, now hold the record ; nor is it likely that 
it will be wrested from them for some time to come. The 
MawretomM regularly makes 25| knots, and . has done over 
26. The new Gennan liners make only 23, and the expense of 
attaming the extra two or three knots is so great that no company, 
unless heavily subsidised, would find it worth their while to 
undertake it. The money for both these ships was advanced 
to the Cunard Company by the Government, and an annual 
sum is paid for their upkeep. In return for this the Government 
have a right to their use in time of war. The ships carry two 
guns, and arc specially strengthened for this purpose. 

The practice of stating the speed of a ship in knots is somewhat 
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confusing to a landsman, wlio often fails to realise exactly what 
the figures mean. A knot is 6080 feet, and that is nearly 1-J- land 
miles. A speed, then, of 20 knots is, in terms which the landsman 
understands, a speed of 24 miles an hour, and the Mauretania 
travels at 30 miles an hour. On many sections of British rail- 
ways the speed does not exceed this figure. The reader who 
has not reflected upon this matter before should estimate the 
velocity of the train on his next railway journey and notice 
how the trees and hedgerows appear to fly past. He can then 
imagine a ship like the Mawretania racing through the waves 
hour after hour with never a stop for four days and four nights 
until she comes in sight of land. It will be possible, too, to 
realise how little time there is in which to avoid a collision. 
The Mauretania covers a mile in two minutes. A slip or an 
iceberg sighted five miles away is reached in ten minutes, and 
a vessel of this size cannot be reversed in a hurry without fear 
of damage to her engines. 

In order to secure speed with a minimum of power it is im- 
portant that a ship should have such an outline as will enable 
hex to move through the water with the least resistance, and the 
power required to drive a vessel of given displacement and form 
at any particular speed can be determined beforehand with 
considerable accuracy. 

If any object is held at rest in a stream the water will divide 
on meeting it in a particular way which depends mainly upon its 
shape. Any small portion of the water meeting the object will 
be deflected from its course, and will pursue a curved path 
round it. If, now, the water be relatively at rest and the object 
is forced through it, a corresponding efiect will be observed. The 
object will be continually forcing the water out of the way and 
the particles displaced will describe curved paths until they 
regain their former relative position in the stream. 

It will perhaps assist the reader to realise the kind of move- 
ment that goes on when a stream of fluid meets an obstacle if a 
short description is given of the method of study devised 
by Dr. H. S. Hele-Shaw, r.R.s., some fifteen years ago. In 
Dr. Hele-Shaw’s experiments alternate holes in the end of a 
small glass tank are fed with coloured and uncoloured glycerine, 
and produce a series of parallel bands. If an obstacle, in this 
case representing a ship’s rudder, is placed in their path these 
bands divide and curve round its surface, as shown in Pig. 184, 




1X3 -SIMIOI S KI.OW IN WA-IKR, SllOWrXC KDDIKS 
Ki;illM) \\ OltsTV l.K 


1(J Jiin‘ pttftf j()4 





Ful iS8— SINUOLIS FLOW’ IN W’A'FKR SHOWING IIOW^ FDDIFS 
ARI£ W’OIDKO KV GIVING A SHIT FINIv LINICS 
FORF \NI) \Fr. 


To face page J65 



MODEEN SHIPS 


265 


which is from a photograph shown by Dr. Hele-Shaw at the 
Institution of Naval Architects in 1900. It was found -that in 
a few oases in which calculation was possible, the stream lines 
corresponded exactly in form to those which would be produced 
in a perfect fluid ; and with the co-operation of the famous 
mathematician, Sir George Gabriel Stokes, it was shown that 
this was generally true if the liquid was viscous, distributed in 
a thin film, and the motion slow. 

Water, however, is not viscous — at any rate in comparison 
with glycerine. Moreover, a thin film can only represent the 
influence on a floating body at a particular depth, and the speed 
of a vessel is usually greater than that at which the glycerine 
experiment fulfils the ideal conditions. Another illustration 
(Kg. 185) exhibited by Dr. Hele-Shaw will make the problem 
clearer. The liquid used in this case was water, and the thickness 
of the film was increased. The stream lines in front of the 
obstacle were replaced by sinuous motion, and the space behind 
was fiEed with “ dead water ” and eddies, in which aU steadiness 
of motion disappeared. 

While these experiments are not conducted under the actual 
conditions of a ship moving throng the water they serve to 
convey some general ideas as to the most suitable form which 
a vessel should take in order to reduce resistance to a nniniTnum. 
Thus the object of having a sharp prow is to effect the gradual 
displacement sideways of the water. But it is equally important 
to provide a sharp stem. For the stream lines tend to dose 
in gradually as the ship moves ; and a blunt stem would tend 
to cause cavities behind, which would act as a drag on the ship’s 
progress. These facts are well illustrated in Figs. 186, 187, and 
188. In a screw steamer there is an additional reason for this form 
of constraction. The propellers are continually forcing the 
water backwards, and unless it can flow in freely in front of 
them the maximum push on the water cannot be obtained. A 
blunt stem would act as a shield. 

When a vessel is to be constmcted the purchaser stipulates a 
certain tonnage and speed ; and the shipbuilder must decide what 
horse-power will be necessary to attain this. But the power 
required will depend very considerably upon the “ lines ” — 
that is upon the change of shape of the submerged portion from 
stem to stem. And though experience allows a very good 
result to be achieved, there is a method which enables the best 
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lines to be determined, and tbe necessary power to be ascer- 
tained, with great accuracy. 

It was in 1871 that the late Mr. William Fronde designed for 
the Admiralty, at Torquay, a long tank in which scale models 
of ships could be towed and the power required for any given 
speed could be measured. Between the size, power, and speed 
of the model, and the size, power, and speed of a large vessel of 
the same shape, there is a definite relation, which enables the 
naval architect to draw his plans with the certainty that the 
result will be satisfactory. 

The Admiralty tank was moved to Haslar, and was utilised 
by Mr. Froude and his son, Mr. R. E. Fronde, for many valuable 
investigations in ship design. For a number of years it was the 
only one in the country, until another was built by Messrs. Denny 
of Dumbarton. More recently tanks have been established by 
Messrs. John Brown and Co. of Clydebank, Messrs. Vickers, Ltd., 
of Barrow, and at the National Physical Laboratory. 

The William Froude National Tank at the National Physical 
Laboratory, which owes its origin to the generosity of Mr. 
Yarrow, is built of concrete, and is 650 feet long, 30 feet wide, and 
I2J feet deep. These dimensions, with the models used, are 
equivalent to open water for a large ship. A false bottom can 
be put in so as to permit of trials in shallow water. It is 
spanned by a bridge running on rails and driven by four 
electric motors. This bridge serves to tow the models, and is 
equipped with delicate measuring instruments for recording 
the pull and speed. These arrangements are shown in Fig. 189. 

The models are made in paraiS&n wax, from 12 to 20 feet long, 
with sides and bottom about two inches in thickness. They are 
cut out in a sort of milling machine in which the cutter is 
actuated in accordance with the motion of a pointer, which is 
made to travel along the lines of the drawing, which rests on a 
table at the side of the machine (Fig. 190). The tool thus shapes 
the wax to the exact form intended by the designer. The marks 
of the cutter are removed by scraping, so as to produce a smooth 
body, and ballast is then added until the model floats at the 
required depth, see Fig. 191. 

Until the last year or two it was not usual to check the designs 
of cargo boats by a model, but the installation of the National 
Physical Laboratory tank has enabled many shipbuilders to 
adopt the precaution. Mr. Baker, the superintendent of the 
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tank, states in a recent report that lie has examined a large 
number of models and has been able to suggest improvements 
in design which resulted in a decrease of driving power of at 
least 3 per cent, and in some cases as much as 25 per cent. A 
leading article in Engmeering of July 4th, 1913, commenting 
on this report, points out that on a generous estimate 3 per cent 
represents a saving of £200 a year for each 2000 horse-power. 
A saving of 15 per cent in the case of a vessel requiring 2000 
horse-power would therefore represent, on the same basis of 
calculation, no less a sum than £1000 a year. And the fee for test- 
ing the model at the National Physical Laboratory is only £150 ! 

SAPETY ATO COMPORT 

The growth of passenger trafiSc has necessitated greater 
attention, not only to internal comfort, but also to the prevention 
of rolling, which at times increases to an alarming extent the 
unpleasantness of a voyage. The earliest efiEective device was 
the provision of bilge keels. These are thin fins fixed on either 
side of the bottom just where it begins to curve upwards, and 
running all the way along the wider portion of the ship. When 
the ship rolls they meet the water at right angles and offer re- 
sistance to the motion. Within the last two years passenger 
vessels have been fitted with Erahm’s anti-rolling tanks, the 
first British vessel to be so fitted being the Cunard Liner 
Laconia^ a vessel of 18,000 tons, launched in 1912. They are 
placed on either side of the ship and are open to one another by 
a narrow passage at the bottom. They thus constitute a' sort 
of U tube and when full of water possess properties which are 
several times referred to in this book. In order to understand 
how they act it must first be clear that when the ship rolls 
the water falls relatively on the higher side and rises in the tank 
on the lower side, and that once the water is set oscillating in 
this way it will continue to do so for some little time. Suppose, 
now, a ship rolls so that it rises on the starboard side first, the 
water flows from the starboard to the port tank, so that when the 
port side of the ship rises, the quantity of water in the tank on that 
side is larger than it would be when the ship is at rest in still 
water. The roll from port to starboard, therefore, is prevented 
to some extent by the extra weight on the port side. In the 
same way the water flows back into the starboard tank to com- 
pensate the starboard to port roll. 
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This simple explanation, unfortunately, does not state the 
whole of the case. The cause of rolling is a succession of wave 
crests, meeting the vessel broadside. Their distance apart and 
their velocity will determine the number of impulses on the 
ship in a given time. Again, the ship itself has a definite period 
of roll. If this is very drfierent from the period of the impulses 
there will be very little rolling. But if the period be the same 
then resonance occurs ; the ship receives a series of impulses 
which tend to increase the motion, and what was originally a 
mere discomfort now becomes a positive danger. In fact, the 
utter and complete disappearance of some vessels in recent years 
may have been due to their capsizing in mid-ocean. They go 
singly and leave no trace. A collision is practically out of the 
question ; the rockbound coasts are so well watched and the 
ocean hi^ways are so well patrolled that shipwreck or fire 
could hardly have occurred without some trace remaining. 
And certainly a probable view is that the ships met with a wave 
motion that synchronised with their own natural period, and 
turned turtle without warning. 

This shows that under special circumstances, which are 
fortunately rare, the tanks would have to meet unusual con- 
ditions. For the water in them has itself a natural period of 
oscillation, depending on their dimensions, and if this does not 
coincide with the rolling motion of the ship the water will not 
have accumulated at the right moment on the side on which it 
is needed. In fact, it may reach its highest level, for example, 
in the port tank at the moment when the port side is at its 
lowest point, and thus increase the tendency of the ship to over- 
turn. 

Experiments are being made and mathematical investigations 
are being carried out with tanks connected in various ways — some 
with a restricted connection, some with a connection having the 
same sectional area of the tanks themselves. The subject is 
complex, and the scientific solution in its infancy. But in the 
meantime, the linoits of periodicity of the average waves met 
with are well known, the period of the ship can be calculated, 
and the tanks can be, and are, constructed of such dimensions 
that, while they add much to the steadiness of the ship, they are 
extremely unlikely to throw their weight on to the side of catas- 
trophe. 

Safety at sea is secured partly in the construction of the 
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ship, and partly by the use of subsidiary appliances. Thus the 
vessel is divided into a number of watertight compartments 
separated by partitions or bulkheads, and covered by a water- 
tight steel deck. Communication from one compartment to 
another and through the deck is obtained by slidin g doors which 
fit in watertight grooves. These can all be closed when necessary 
from the bridge. They are operated by hydraulic pressure, and 
the force is so great that any obstruction, such as a lump of coal, 
is cut throu^ during the closure. The control is fixed on the 
bridge, and immediately behiad the lever which operates the 
doors is a model of the ship with an electric lamp corresponding 
to the position of each compartment. Should one of the doors 
fail to act when the lever is set to close, a lamp lights up corre- 
sponding to the compartment with the open door. 

It has generally been assumed that a modem ship will continue 
to float with any two of her compartments full of water, but the 
naval architect now makes assurance doubly sure. The Olympic 
is provided with a complete iimer skin, and the same plan has 
been followed in the Aquitmia. Big. 192 shows the inner skin 
of the Olympic being fitted as an ad£tional precaution after one 
or two voyages had been made. In the case of the Aguitama, 
in addition to sixteen bulkheads right across the ship from port 
to starboard, there is a lining about 15 feet inside the outer 
hull, so that there are practically two ships, one nearly 70 feet 
and the other nearly 100 feet beam, and both provided with 
waterti^t compartments. It is extremely unlikely that any 
sharp object such as a rock or a jutting ledge of an iceberg will 
penetrate the inner skm, and safety is secured against collision 
or a glancing blow. 

But if a ship runs full tilt against an obstmction big enough 
to stop her, no system of stifiening, or bulkheads, or inner skins 
can prevent her crumpling up like a paper bag. When one 
compares the thickness of the skin and longitudinal bulkheads 
with the whole width of beam, it is clear that the great ship is a 
frail thing indeed, and no precaution that will keep her clear of 
icebergs or a rockbound coast can be safely neglected. During the 
last two years an “ ice scout ” has been employed to watch the 
movements of ice in the North Atlantic and to report its presence 
and position to all ships on the track. 

The proximity of ice can sometimes be inferred by a sudden fall 
in the temperature of the water, and an instrument known as 
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McNab’s frigidometer enables the officer on duty on the bridge 
to detect any striking change of this character immediately it 
occurs. It consists of a special thermometer near the forward end 
of the ship, immersed in a vessel through which the sea-water is 
kept constantly circulating. An indicator on the bridge, which 
can be set to give an indication at any temperature of the 
occurrence of which the officer desires to be warned, shows a 
red light and rings an electric gong whenever that temperature 
is reached. The instrument registers in the same way the 
temperature of the air, and the officer uses his judgment as to 
whether it is desirable to alter the course of the ship. 

An ingenious device fitted on the Mauretania and other 
vessels notifies the officer on duty of a fire in any one of the 
holds. On the bridge (Fig. 193) are a number of tubes fitted with 
caps, the removal of which enables the officer to tell whether fire 
has broken out. Every half-hour a bell rings, and this can only 
be stopped by removal of the caps — ^an action which is equiva- 
lent to an inspection of the hold, 

A further precaution against fire is taken by the replacement 
of wood and other combustible material by steel. Even while 
this chapter is being written two large vessels have caught fire 
at sea and the lives of hundreds of people have been endangered. 
In these cases it was the cargo, but the advantage of reducing 
the quantity of inflammable material used in construction is 
obvious, Messrs. Roneo, Limited, have devised a system of thin 
steel partitions and doors, together with steel furniture such as is 
now used on warships. It is found that two thin plates about 
inch in thickness with an intervening air space are more effective 
than even a ^inch or 1-inch solid plate. The system was tested 
by the Cunard Company in refitting the Carmania, and has 
been adopted for the Aquitania and other vessels which may 
be built in the near future. 

Sometimes the course of a vessel has been altered, and a ship 
has been wrecked when the captain believed himself to be clear 
of any rock or coast. The recording compass enables him to 
ascertain whether such an alteration has taken place. It con- 
sists of a roll of paper on a rotating, clockwork drum, upon which 
a line is traced by a pen. If the course of the ship alters 
the change in direction and the exact time at which this took 
place are indicated by a bend in the line on the paper. 

An additional method of avoiding dangerous coasts has been 
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Fig. 193.— the BRIDGE OF THE MAURETANIA 
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introduced during tlie last ten years in submarine signalling. 
Ever since the famous experiments of CoUadon and Sturm on 
the Lake of Geneva in 1826 it has been known that sound 
travels through water with a velocity four times greater than 
through air ; but it was left to Mr. H. T. Mumby, an American, to 
realise that this method of transmitting sound signals was free 
from the disturbances that occur when sound passes through 
the atmosphere. The transmitting apparatus made by the 
Submarine Signal Company is now provided on many dangerous 
coasts, and fitted to lightships and buoys ; and the receiving 
apparatus is installed on passenger and cross-Channel steamers, 
and the vessels of the Royal Navy. The sending apparatus, 
which is always a bell, is made in four forms, the special uses of 
which may be briefly described. 

The electrical shore station consists of a bell weighing about 
2 cwt. hanging from a tripod 21 feet high, resting on the sea 
bottom, and operated from a shore station or a lightship by 
electricity. It is stated to be reliable up to 15 miles, and signals 
have been reported up to 20 miles. The liglitshi/p egui^ent 
is suspended from a lightship and worked by compressed air. 
The number of, and interval between, successive strokes enable 
the mariner to identify 'the ship just in the same way as he is 
able to recognise a lighthouse by the number of, and interval 
between, its flashes. The plan has been largely adopted by the 
United States Government, and by the Brethren of Trinity House, 
the body charged with the management of lighthouses and light- 
ships round the British coasts. WTien attached to a huoy the bell 
hangs about 16 feet below the surface, and the movement of the 
buoy on the waves operates the mechanism. For cross-Channel 
traffic a handbell is suspended from the 'pier or jetty, and worked 
by hand. The sound of this in foggy weather enables the boat 
to steer for the pier even when the lights cannot be seen. 

The receiving apparatus consists of two shallow tanks, about 
22 inches square, fbced to the outside of the ship below the water- 
line, and on the port and starboard bows respectively. Each 
tank contains a microphone, from which wires are carried to a 
telephone placed in the pilot house. By moving a switch the 
observer can tell whether the sound is coming from port or 
starboard. Even though it has only been in operation a few 
years this apparatus has been instrumental in saving hundreds 
of lives and thousands of pounds’ worth of property from being 
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lost in the greedj ocean. The captain in the wheel-house with 
his eye on the chart, and the telephone to his ear, recognises 
the tinkle of a bell, and is able to steer his ship in a direction 
that will carry him clear of the treacherous coast that lies in his 
path hidden from view by the fog. 


THE LUXUBY OF A MODEBN LINEB 

Perhaps no feature of a large liner is more interesting than the 
mechanical devices that enable 3000 or 4000 people to be fed 
with regularity, and served with such luxury as cannot be sur- 
passed in the best hotels on shore. Let us glance for a moment at 
the food required for a round voyage of the Lusitmia. The list 
includes : — 


46.000 lbs. Beef. 

17.000 „ Mutton. 

3.000 „ Lamb. 

2.600 „ Pork. 

1,500 „ Veal. 

1,200 „ Assorted Fresh Fish. 

760 „ English Salmon. 

20 barrels Oysters. 

3 Live Turtles. 

200 boxes Dried Fish. 

100 lbs. Caviare. 

2.000 Chickens. 

600 Fowls. 

300 Ducklings, 

160 Turkeys. 

60 Geese. 

1.600 Various small Birds. 

160 brace each Pheasants, 
Partridge, and Grouse. 

6.600 lbs. Butter. 

28 tons Potatoes. 

1.600 bricks Ice Cream. 

6.000 jars Cream. 

3.000 gallons Milk. 

1.000 lbs. Tea. 


1.800 lbs. Co^ee. 

10.000 „ Sugar. 

720 quarts Pickles. 

2.800 lbs. Dried Fruits. 

80 boxes Oranges. 

230 „ Apples. 

800 lbs. Grapes. 

1,500 Peaches, Nectarines, etc 
40 boxes Pears. 

150 English Melons. 

20 bunches Bananas. 

30 boxes Grape Fruit. 

1.000 lbs. English Tomatoes. 

20 boxes Lemons. 

300 bottles Sauces (assorted). 

2.600 lbs. Jam and Marmalade. 
450 tins Biscuits. 

8.000 lbs. Coreals. 

210 barrels Flour. 

2 tons Salt. 

1,400 lbs. Ham. 

4.000 „ Bacon. 

1.600 „ Cheese. 

40.000 Eggs. 


All this food is prepared for the table in a scries of kitchens (Fig. 
194), each serving a special portion of the ship^s company, and 
equipped with steam ovens and electrical heating devices. Roast 
meat, at one time unobtainable at sea, is now cooked to perfection 
in electric ovens, and chops and steaks are grilled over charcoal 
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Fig. 196— a state ROOM ON THE OLYMPIC. 
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heated to redness by an electric current. Bread is kneaded in 
an electrically driven dough-miidng machine, and baked in an 
oven which completes the process in a de^te time without 
any attention. Ice-cream, whisking, and cake-making machines 
are all driven by electricity, and boiling is carried on by steam. 
If an egg is to be boiled, it is placed in a wire basket, and lowered 
into boiling water, and an index on a graduated rod set to 
determine the number of minutes the egg must cook. "When the 
time is up a bell rings and the egg-basket rises out of the water. 
And this is done for 1000 eggs a day. 

Apart from preparing the food many of the other domestic 
duties are performed by electrical power. The 40,000 pieces of 
crockery that are used daily are washed and dried in a “ Vortex ” 
machine ; the knives are cleaned as fast as a man can feed them 
in ; and boots are polished by electrically actuated brushes at 
the rate of 1600 pairs a day. The fifty or more clocks on the 
ship have no independent worlcs. They are all electrically 
driven from the one on the captain^s bridge, which is altered 
nightly to suit the easterly or westerly change of longitude. 
Telephones are fitted all over the ship, and while it is at the 
landing-stage a connection is made with the trunk lines. The 
air-supply to the cabins and conidors is kept at uniform tem- 
perature on the Mauretania by 53 tanks which pass 212,000 
cubic feet per minute. The electrical cables contain over 100 tons 
of copper, and placed end to end would span a distance of 250 
miles. 

The newer and larger liners such as the Olympic^ the Aqudtania, 
and the German Imperator rejoice in everything possessed by the 
Lusitania and the Mauretania except their speed ; and the 
comforts and conveniences are on a grander scale. To the 
luxurious drawing and dining-rooms, smoke-rooms, reading and 
writing-rooms, lounges and verandah caf6s, the newer boats add 
gymnasia and swimming-baths. The gymnasium is equipped 
with all the usual apparatus for physical exercise, together with 
special machines for exercising the same muscles as are required 
in rowing and cycling. Figures 195, 196, and 197 will show 
that in beauty of decoration, spaciousness, and service, these 
boats are unsurpassable, until experiments on land shall have 
shown that there exists a degree of luxury greater than that 
which has yet been attained. 

Perhaps the increase in space will be most effectively em- 

T 
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phasised by comparison with the accommodation on an earlier 
ship. The dinin g-room of the British Queen, which sailed for 
New York in 1842, was 60 feet long, and 30 feet wide. That on 
the Oh/nvpic is 114 feet long and 92 feet wide, with a reception 
room which measures 92 feet by 54 feet. 

Lest the quantity and variety of food described on p. 272 be 
considered exceptional, it will be well to give for comparison 
that required for the Olympic, which is larger than the Luktania. 
Here is a list of the stores required for one voyage : — 


76.000 lbs. Fresh Meats. 

11.000 „ Fish. 

4.000 „ Salt and Dried Fish. 

7.500 „ Bacon and Ham. 

8.000 head Poultry and Game. 

6.000 lbs. Fresh Butter. 

40.000 IVesh Eggs. 

2.500 lbs. Sausages. 

1.000 Sweetbreads. 

1,750 quarts Ice Cream. 

2,200 lbs. Coffee. 

800 „ Tea. 

10.000 „ Peas, Rice, etc. 

10,000 „ Sugar. 

1,120 „ Jams. 

^200 barrels Flour. 

40 tons Potatoes. 

180 boxes Apples. 


180 boxes (36,000) Oranges. 
60 „ (16,000) Lemons. 

1.000 lbs. Hothouse Grapes. 

1.500 gallons Fresh Milk. 

600 „ Condensed Milk. 

50 boxes Grape Fiuit. 

7.000 head Lettuce. 

1.000 quarts Cream. 

800 bundles Fresh Asparagus. 

3.500 lbs. Onions. 

IJ tons Fresh Green Peas. 

21 „ Tomatoes, 

20.000 bottles Beer and Stout, 

16.000 „ Mineral Waters. 

1,600 „ Wines. 

850 „ Spirits. 

8.000 Cigars. 


The enormous cost of the outfit, and the extent to which the 
construction of a passenger vessel provides employment in 
industries at first sight widely remote from engineering and 
shipbuilding, are illustrated by the list given below of the 
linen, crockery and glass, and cutlery and silver on the Olympic. 


Linen. 

4.000 Aprons. 

7.500 Blankets. 

6.000 Tablecloths, 

2.000 Glass Cloths. 

3.500 Cook's „ 

3.000 Counterpanes. 

3,600 Bed-covers. 

3,000 Beds. 

800 Eiderdown Quilts, 


15.000 Single Sheets. 

3,000 Double Shoots. 

16.000 Pillow-slips. 

46.000 Table Napkins. 

7,600 Bath Towels, 

25.000 Pino 

78.000 Lavatory Towels. 
“3,600 Roller „ 
p*’6,600 Pantry „ 

40.000 Miscellaneous. 
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Crockery and Glass, 

1,600 

4,500 Breakfast Cups. 

1,200 

3,000 Tea „ 


1,600 Coffee „ 


3,000 Beef Tea „ 

400 

1,000 Cream Jugs. 

400 

2,600 Breakfast Plates. 

1,000 

2,000 Dessert „ 

400 

12,000 Dinner „ 

400 

4,600 Soup „ 

400 

1,200 Coffee Pots. 

400 

1,200 Tea „ 

8,000 

4,600 Breakfast Saucers. 

1,500 

3,000 Tea „ 

1,600 

1,600 Coffee „ 

1,000 

3,000 Beef Tea „ 

400 

1,200 Pie Dishes. 

400 

1,000 Meat „ 

1,600 

8,000 Cut Tumblers. 

1,500 

2,600 Water Bottles. 

8,000 

1,600 Crystal Dishes, 

300 

300 Celery Glasses. 

400 

600 Flower Vases. 

5,000 

6,500 Ice-cream Plates. 

3,000 

2,000 Wine Glasses. 

2,000 

2,600 Champagne Glasses. 

6,000 

1,600 Cocktail 

1,600 

1,200 Liqueur „ 

1,600 

300 Claret Jugs. 

100 

2,000 Salt Cellars. 

400 

600 Salad Bowls. 

400 


Souffl6 Dishes. 

Pudding „ 

Silver and Cubhry^ 

Sugar Basins. 

Fruit Dishes. 

Finger Bowls. 

Butter Dishes. 

Vegetable „ 

Entree „ 

Meat ,, 

Dinner Forks. 

Fruit „ 

Fish „ 

Oyster „ 

Cream Jugs. 

Butter Knives. 

Fruit „ 

Fish „ 

Table and Dessert Knives 
Nut Ci’ackers. 

Toast Racks. 

Dinner Spoons. 

Dessert „ 

Egg 

Tea 

Salt „ 

Mustard „ 

Grape Scissors. 

Asparagus Tongs. 

Sugar Tongs. 


The Cunaid, the White Star, the Allan, and other lines produce 
a daily paper during the voyage, containing the news flashed 
by wireless telegraphy from either shore. Concerts are held, 
games can be played, and an ocean voyage is now no longer 
an interruption of life, but a period into which all its pleasures 
can be concentrated to an extent not one whit inferior to the 
wme time spent on land. The contrast with the conditions 
of fifty years ago brings out vividly not only the enormous 
increase in the variety of coroforts and conveniences, but 
also the increase in the spending power of the great indus- 
trial nations of to-day. In fact, the provision of comfort is 
not more striking than the power of thousands of people 
to enjoy it. 
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SHIPS FOR SPECIAL PURPOSES 

In contrasting present-day types of ships with those which 
were to be seen in the ’eighties, nothing is more remarkable than 
the development of special forms to meet the changing needs of 
industry and commerce. For example, although in 1886 petro- 
leum ranked fourth in the list of American exports, nearly all of 
it was shipped in iron casks or wooden cases lined with tinplate. 
Mr. J, Montgomerie, M.I.N.A., writing in the special marine number 
of Cassier’s Magazine in 1911, stated that the vessels engaged in 
the trade were mostly wooden sailing ships belonging to foreign 
owners ; and he attributes the growth of the modern oil-carrying 
vessel to the enterprise of British shipbuilders. By 1893 there 
were eighty vessels of an average tonnage of 2500 engaged in the 
trade, and at the present time there are nearly 300 with an 
average tonnage of 3000, Five-sixths of these, carrying nine- 
tenths of the total quantity, are steamers. Moreover, as was 
remarked in Chapter II, there are nearly a hundred vessels being 
built for this trade at the present time in England and on the 
Continent. 

The modem oil-carrying ship is called an oil-tanker, because 
the oil is contained in tarJcs which occupy the bulk of the ship. 
She is loaded by pumping the oil into her, and unloaded by 
pumping it out, but whatever simplicity attends this method, 
the design involves- special problems which require skill and 
judgment to overcome them. It is probable that the reader may 
ask why the vessel is divided up into tanks — ^why not utilise the 
whole of the hold in one or at most two or three compartments ? 
The main reason is that oil is not a fixed and immovable cargo. 
Any motion of the vessel would set it oscillating from side to side, 
or surging fore and aft in the hold. Moreover, any motion given 
to the oil might coincide with its natural period of vibration, 
and the force exerted by several thousand tons of oil would 
burst the decks or capsize the ship. 

In a modern oil-tanker the tanks occupy nearly the whole 
length of the ship. They are about 28 feet long, and each one is 
divided by a longitudinal bulkhead. Each half of a tank is 
provided with a sort of neck in the upper portion to allow for 
expansion. Vacant spaces are left between the fore and aft 
end tanks and the cargo hold and engine-room for safety. They 
are known as coffer-dams, and serve to isolate the oil from any 
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part of the ship ia which it might become ignited. The engine- 
room is in most vessels placed at the after end of the ship, partly 
because the cost of constructing a tunnel for the shaft through 
after tanks is thus avoided, and partly because this arrange- 
ment increases the amount of space for oil. The lighter varieties 
of oil give off a highly inflammable vapour, and exceptional 
precautions have to be taken to prevent the cargo catching fire. 
But in spite of these the captain, officers, and crew of such a ship 
must possess unusual courage or a profound contempt for 
danger, and the fact that ten thousand or so are engaged in the 
navigation of petroleum-carrying ships gives some idea of the 
nature and extent of the personal qualities which lie at the back 
of industrial progress. 

Not content with merely supplementing the work of the 
railway engineer by carrying goods from rail to rail across the 
trackless ocean, the shipbuilder has been pressed into service to 
carry whole trains with their passengers and luggage across 
rivers, lakes, or even narrow seas. There are cases where 
for various reasons bridge-building is impossible ; the wide 
detour which would be necessary to avoid a stretch of water is 
prohibitive in cost of construction or maintenance, and it has 
been preferable to build large steamers upon which the train is 
run, and conveyed across the obstruction. Perhaps the most 
striking service of this character is the one connecting the 
terminus of the German State Railway at Sassnitz with the 
terminus of the Swedish State Railway at Trolleborg, across 
65 miles of the stormy and treacherous Baltic. Four steamers, 
two provided by the German and two by the Swedish Govern- 
ment, are employed. The former were constructed in Germany. 
One of the Swedish boats was constructed in Sweden, and the 
other, the DroUning Victoria, in England, by Messrs. Swan, 
Hunter, & Wigham Richardson. They are all similar, being 
about 370 feet long, 53 feet beam, and over 4000 tons displace- 
ment, with a speed of 16 J knots. The main deck has two lines 
of rail each nearly 300 feet long, and capable of receiving four 
coaches. The vessel has large tanks into or out of which water 
can be pumped to alter her depth of immersion or “ trim,” so 
that the train can be run directly on to her rails over a bridge or 
gangway. The wheel frames of the coaches are chained tightly 
to the deck to prevent movement on the journey, and hydraulic 
jacks between the rails are used to lift the bodies of the coaches 
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off the springs. The journey is made at night, and there is no 
need for passengers to leave their sleeping-berths in the train. 

The Lake Baikal^ constructed by Messrs. Armstrong, Whit- 
worth & Company for the Russian Government, carries trains 
on the Trans-Siberian Railway across Lake Baikal. As the lake 
is frozen over in winter the vessel is an ice-breaker as well. Her 
dimensions are 290 feet long, and 57 feet wide, and she displaces 
over 4000 tons. Steel plating 9 feet wide and 1 inch thick pro- 
tects the hull at the water-line, and the prow is so constructed that 
it tends to rise on top of the ice in its path. Twin screws are 
provided for propulsion, and an additional screw in front which 
disturbs the water under the ice, removes its support and assists 
the vessel to break through. Owing to the difficulties of transport 
the Lake Baikal had to be made in sections, sent to St. Peters- 
burg by sea, and conveyed by rail and sledge to the lake side. 
For the last sixteen years the service has been regularly main- 
tained, though there is now an alternative route by rail along the 
southern shore of the lake. 

The Saratovskaia Pereprava is another train ferry employed 
in crossing the river Volga, under extraordinary disadvantages. 
The difference between the average summer and winter level is 
about 45 feet, and though separate landing-stages are xised those 
have to be supplemented by hydraulic lifts, capable of raising 
or lowering the coaches through no less than 25 feet. Other 
examples exist in Denmark, the United States, and Canada. 

The British firm which constructed the special steamers for 
Lake Baikal and the Volga have also built a number of ice-break- 
ing vessels, the largest of which is the Enmck, This not only 
breaks up the ice in the southern Baltic, but has even done 
good work within the Arctic Circle, though for this purpose the 
forward screw had to be removed, and reliance placed on the 
three screws astern. She has been instrumental in making a 
way into port for over 400 vessels whose value is estimated to 
be £4,000,000. 

The development of traffic on the great Canadian lakes, which 
has been enormously increased since they were connected by 
canals, such as the famous Sault Ste. Marie between Lake 
Superior and Lake Huron, has demanded a special type of 
steamer. Here the water is comparatively still, and the material 
to be carried is ore and corn in bulk. Ships can therefore bo 
employed which have an enormous carrying capacity, but of a 
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form which would render them extremely onseaworthy in rough 
water. Their speed through the canals is limited to 4 miles per 
hour, but in view of the short distance between the locks they 
must be able to start and stop very quickly. A screw of special 
form is used, having wide blades. The horse-power required is 
only 150. On the lakes a speed of about 10 miles per hour 
is usual, and 760 horse-power is required. 

The navigation of rivers presents special problems to the ship- 
builder. The small size of Great Britain, the shortness of her 
rivers, the possibility of having ports at or near their mouths, 
and the excellence of her railway system, render it difficult to 
realise the importance of natural waterways in large contments. 
Only a vague conception exists of the enormous traffic on rivers 
like the Danube and the Mississippi. If rivers like these are 
important in highly civilised countries possessing a not incon- 
siderable railway system, how much more vital must they be 
for example in Africa where the forest resents even the narrow 
clearing demanded by a railway line. Since the British railway 
companies bought up the canak and permitted them to fall into 
disuse the Englishman has grown up with no tradition of the 
value of the narrow waterway as an alternative to the macada- 
mised road or the steel track. 

Generally speaking, the rivers which lend themselves to 
navigation are slow-flowing, sluggish streams, which amble 
along fallow depressions, and do not carve out for themselves 
the deep channels that Gie ordinary ship demands. Even in 
the case of ports which are situated at the mouths of rivers 
dredgers have to be kept constantly at work to remove the silt 
which the river deposits on its way to the sea ; and Glasgow is 
a standing example of a port that owes its growth and existence 
to extensive and persistent dredging. The mouth of the Clyde 
has been Uterally scooped out of the earth during the past 
hundred years. 

The characteristic of most river steamers, then, is shallow 
draft, and many of them must not draw more than 18 inches of 
water. They are more like flat-bottomed houseboats, with 
great breadth of beam, and all their accommodation for cargo and 
passengers above the water-line. A conunon form of propulmon is 
a single paddle wheel mounted over the stern, but Mr. H. E. 
Yarrow constructs river boats with a screw working in a tunnel 
with a hinged flap at the after end (Eig. 198). A screw having a 
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diameter more than twice as great as the draught of the boat can 
be used, because, once it has started rotating, it throws up the 
water until the tunnel is completely full. For high eificiency the 
upper surface of the tunnel should be nearly horizontal, and yot, 
especially at starting, the opening should be wholly beneath the 
surface. If the latter condition be fulfilled when the boat is 
loaded it will not be fulfilled when she is light. Mr. Yarrow 
therefore attaches the upper surface of the tunnel, from the 
screw aft, to a hinge, so that it can be adjusted with the outer 
end a few inches below the surface whatever be the load carried. 
Increased speed is obtained without increase of power, and the 
engines work with maximum efficiency under all conditions of 
load. 


JL4BINE PROPULSION 

The means of propelling ships is at the present time under- 
going a remarkable upheaval, and the result of the extensive 
experiments which are being carried out will in all probability 
be half a dozen different forms, each specially suited to some 
particular service. Considering first steam-power it may be 
remarked that the triple or quadruple expansion engine has held 
sway for more than thirty years. It is efficient, gives a large 
power at a reasonably low speed, and is thoroughly understood 
by the present generation of sea-going engineers. When the 
turbine was first introduced it used a largo quantity of steam — 
about 16 lbs. — ^per horse-power, but this has boon reduced to 
12 lbs., and this is quite as small as can be shown by any recipro- 
cating engine worlong under similar conditions. Moreover, it 
occupies a much smaUer space and leaves more room for cargo. 
As compared with the reciprocating engine it has, however, at 
least two disadvantages — ^non-reversibility and high speed. Large 
engines of any type whatever run at slower speeds t Jiau small ones, 
yet the turbines of the Mauretania make 700 revolutions per 
minute. The non-reversibility has been overcome by fitting 
“ astern ” turbines on each propeller-shaft, wMch arc usually 
capable of giving half the power. The high speeds were at first 
met by reducing the diameter and altering the pitch of the 
propeller. 

Within the last five years three other methods have been tried, 
and each seems likely to have an extended use in particular cir- 
cumstances. One is to connect thie turbine-shaft to the pro- 
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pellor-shaft by means of gearing, see Pig. 199, and has been 
rendered possible by the improvements of the Hon. C. A. Parsons 
in the cutting of toothed wheels, to which reference has been 
made in a previous chapter. 

The second method is to use electricity. The steam-turbine 
is at its best when driving a dynamo, and the cmrent is used to 
drive electromotors mounted on the propeller-shaft. Reversal 
is then ofEectcd by means of a reversing switch. The third system 
has been devised by Professor Pottinger. In this case the 
turbine drives a high-speed turbine pump, which delivers water 
to a low-spood tiubino on the propeller-shaft. Actually there are 
two water-turbines in the same casing, one used for inving the 
propeller ahead and one astern. The same water circulates 
round and round, through pump and turbine, and the heat 
produced in it by friction is utilised in raising the temperature 
of the feed water for the boiler. A recent test of a 10,000 horse- 
power plant in Germany showed an efSciency of over 90 per cent. 

The supremacy of tlic steam-engine has been challenged 
during the last ton years by the Diesel heavy-oil-engine. In 
Chapter IV some account is given of the saving in space, and 
Chapter 11 contains a statement of the special value of oil-fuel. 
To the points there enumerated may be added the reduction 
in the amount of auxiliary machinery. Those who have not 
actually seen the engine-room of a steamship can have no con- 
ception of the complicated mass of machinery it contains. 
Apart from the engines which turn the screws, there are con- 
densers, air-pumps, feed-water purifiers, and a host of indis- 
pensable appliances which use power, take up space, and 
materially increase the possibilities of breakdown. By com- 
parison, the oil-engine is far simpler, but at present there 
appears to be some difficulty in building engines of largo power. 
So far about (3000 horse-power is the maximum for any one 
“ set,” or from 1000 to 1500 horao-power per cylinder. But even 
if this difficulty is overcome, there will still bo a question of fuel 
sufficiency, and many believe that coal will always, so far as 
can bo seen at present, bo the primary fuel for marine propulsion. 
Many attempts have been made to utilise the gas-engine, and 
the invention of the suction gas-producer described in Chapter II 
has given a new fillip to this form of internal-combustion engine. 

It must be borne in mind that all this work is of very recent 
growth. The first large ships to be equipped with steam-turbines 
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were the Allan liaers Vidorim and Virgimm, and the Cunarder 
OoOTjwsnMi— all three in 1905. Combined reciprocating engines 
and low-pressure steam-turbines were first used in the OtaU, 
belonging to the New Zealand Steamship Company, and showed 
a fuel economy of 12 per cent over a sister ship fitted with recipro- 
cating engines only. The same plan has been adopted for the 
Laurentic of the l^te Star Line, a vessel of 15,000 tons, and 
the largest engaged in the Canadian trade, and the giant liner 
Olympic. 

The geared turbine was introduced in 1910, and a cargo 
steamer of the Caira Line built by Messrs. Doxford of Sunder- 
land showed 15 per cent economy over reciprocating engines. 
At the present time, turbines to the extent of 120,000 horse- 
power are being built for use with gearing. 

It is interestiug to note that the combination of the recipro- 
cating engine and low-pressure turbine, and the geared turbine 
were both introduced less than four years ago, and both appear 
to give about the same increase of efi&ciency. It is probable that 
the former method will be largely adopted for the largo fast- 
passenger boats, and the latter for the smaller cargo vessels. To 
understand what such an increase of efilciency moans it is 
necessary to look at the enormous amount of coal required. 
The Canadian Pacific boats, for example, burn 3000 tons per 
day regularly, year in and year out, and the Limtania and 
Mawetama bum nearly 1000 tons per day each. For a trip to 
New York and back the coal for each of these vessels would 
require 22 trains of 30 ten-ton trucks to convey it to the stage. 
A saving of 10 per cent at 10s. per ton reckoning 30 trips per 
year would amount to nearly £10,000 a year. 

The first Diesel-engined vessel — ^the Sealandia — ^was larmchcd in 
1912, and there are now building vessels whoso aggregate power 
exceeds 120,000 horse-power. At present there seems to bo 
some difficulty in constructing these engines of very largo size, 
and, as has been stated, 6000 horse-power is at present tlic maxi- 
mum. The chief recommendations are the small space required, 
the comparative absence of auxiliary machinery such as air- 
pumps and condensers, and the high efficiency. On the other 
hand, they involve hi^er temperatures and hi^er pressures than 
any to which marine engineers have been accustomed. 

As to the future of marine propulsion it is too early to 
prophesy. Sufficient will have been said to show that steam has 
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been seriously cballenged by oil, and during the last twelve 
months an attempt has been made to introduce gas-engines and 
suction gas-plant — already used on canal boats in Germany — 
to vessels of considerable size. Meantime the improvements in 
superheating and fuel economy of steam boilers is making rapid 
strides, and the steam engineers are making a valiant fight to 
retain supremacy. 


CHAPTER XVI 

THE CONQUEST OE THE AIR 

Just as the beginning of the nineteenth century saw the achieve- 
ments of the railway and the steamship, so the begiiming of the 
twentieth century has witnessed navigation of the ocean of air. 
The aeroplane and the dirigible are no sudden advances in man’s 
struggle with nature, but rather the final yielding of defences 
which have withstood his attacks for a hundred years. From 
the time when the French physicist Charles in 1784 explained 
the action of Montgolfier’s balloon, and constructed the first 
balloon to bo filled with the light gas, hydrogen, discovered eight 
years before by Black of Edinburgh, one of the methods of 
aerial navigation merely awaited a motor. In 1852 GifEard, 
the inventor of the injector which bears his name, constructed 
a balloon fitted with a steam-engine and propeller, and succeeded 
in driving it at the rate of 5 or 6 miles an hour. In regard to 
another of the main problems. Sir George Cayley in 1809 stated 
the essential principles of aerial locomotion with a machine 
weighing more than the air it displaced. 

Before passing to a consideration of the achievements of the 
last ten years it will bo convenient to glance briefly at the history 
of aeroplanes. Probably everyone is familiar with the way in 
which a kite rises. When it is drawn through the air against 
the wind it rises, and will then go higher and h^her as the string 
is paid out. There are now three forces acting on it : — 

(a) The weight which tends to make it fall ; 

(5) The prcssiue of the wind on its surface ; 

(c) The pull of the string. 



284 


DISCOVERIES AM) INVENTIONS 


As the force in the string and the weight of the kite act in a 
downward direction the wind tends to lift it. In fact, the wind 
can he regarded as having an effect in two directions, one tending 
to move the kite along in the direction of its own motion, and 
the other tending to lift the kite vertically. These two effects 
vary with the angle of the kite and the speed of the wmd. If 
the kite has not too heavy a tail the lower end gives before the 
wind and the kite rises. If the efiective speed of the wind is 
increased by the boy who holds the string running against it, 
the kite goes higher. If the boy runs with the wind the kite 
sinks lower and tends to fall. 

Ever since kites have been flown it has been known that they 
are capable of raising considerable weights,^ and it was this 
fact that led to the proposal to drive a plane or thin sheet of 
material through the air with such a velocity that it would 
support a naan. About 1871 a Grerman named Otto Lilienthal 
commenced to study the flight of birds — ^morc particularly the 
position and shape of their wings — when gliding near the surface 
of water, and the construction of kites. Sis or seven years later 
he constructed a frame carrying a pair of wings, and commenced 
to make gliding flights for the purpose of learning how to balance 
himself in the air. The wings of the machine were 27 feet from 
tip to tip, and had an area of 100 square feet. By seizing the 
frame between the wings and launching himself from the top of a 
hill he was able to ghde several hunied foot, and to alter his 
direction by swinging his legs. Three years later ho constructed 
a glider with two planes one above the other in order to obtain 
greater lifting power. Lilienthal met with a fatal accident in 
1896, and Percy Pilcher, who started similar experiments in 
England in 1895, was killed in the same way four years later. 

The evolution of the aeroplane on scientific linos was aided 
by the work of Professor S. P. Langley of the Smithsonian 
Institution, Washington. He made a great number of experi- 
ments on the power necessary to drive a plane of given size 
through the air with given velocity, by fixing the planes at the 
end of a long rotating arm ; and he followed this up by con- 
stocting models of gradually increasing size, and studying their 
flight when launched through the air. Having calculated exactly 

^ Many experiments were made with man-lifting kites in the 'nineties l)y the 
British Army, and Oolonel Ciody. who was appointed instmetor hy Uio War 
Office, once crossed the English Ohaiinel in a small boat drawn hy a kite. 
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tte power necessary, he succeeded in constructing a steam-engine 
which propelled the model for a minute and a half — the limit 
which the amount of fuel and water allowed. 

Some time before 1900 gliding experiments with a biplane 
were made in America by the brothers Wilbur and Orville Wright. 
They increased the area of surface of 160 square feet finally em- 
ployed by Lilienthal to 305 square feet, and in 1901 succeeded in 
making flights over 600 feet long. They reduced the air resistance 
by lying flat on the lower plane instead of hanging from the 
framework as Lilienthal had done. In 1903 they constructed 
a motor and made flights lasting about a minute. The following 
year this was increased to over 5 minutes, and a year later to 
38 minutes. 

Meantime, progress was being made in France. In 1906 
Santos Dumont flew over 200 yards, in 1908 Farman covered 
over 300 yards, and in April, 1908, Delagrange remained in the 
air more than 9 minutes. The Wrights had put away their 
machine and were negotiating with several governments for its 
sale ; but the development in France brought Wilbur Wright 
across the Atlantic. After some delay in getting his mac hin e 
to work he effectively abolished all criticism by flying for more 
than two hours, and by carrying passengers at a height of 400 
feet. The experimental stage was now passed. The building of 
both monoplanes and biplanes was started in real earnest, and 
the following year saw the first aviation meeting at Eheims 
when Glenn H. Curtiss won the speed race on his biplane, making 
47 miles per hour, and Latham won the height test by attaining 
an altitude of 500 feet. 

THBOBY AND CONSTRUCTION OP AEROPLANES 

Let US now turn to the theory and construction of aeroplanes, 
and consider the monoplane first as being theoretically the 
simpler, though actually the more difficult to construct. If a 
plane is held horizontally with its edge to the wind, the only 
resistance which it offers will be that due to the sliding of the 
air over its surface, or skin friction as it is called. But if it is 
tipped so that its front edge rises the wind flowing underneath 
will bo deflected, and will exert an upward pressure and a 
resistance to the forward motion of the plane. These two forces 
are known as “ lift ” and “ drift,” and the shape of the plane 
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slLOiild be sucb that the lift is as high and the drift as low as 
possible. The forcible passage of a body throng the air is 
liable to give rise to whkls and eddies, but these are avoided if 
the surface of the moving body coincides as nearly as possible 
with the paths of the particles displaced. Thus the section of 
the planes is generally of the form shown in Eig. 200. Here 
the curve of the under surface causes the pressure to be increased 
gradually, and tends to reduce the disturbance at the advancing 
edge of the plane. 

The planes are more or less rectangular, oblong in form, and 
with a long edge facing the wind. If they meet an upward or 
downward current more or less pressure will be produced on 
the under surface, and considerable rocking may take place. 
Similarly, a side wind will spend most of its force on the windward 



Fig. 200. Suction op AEitoi>r..vNP. Wind in Eblation to IIoiubontai. 
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planes and tend to overturn the machine. It is therefore neces- 
sary to provide some means of securing stability in a fore and aft 
or longitudinal direction, and lateral or transverse direction. 

Longitudinal stability is secured by one or two horizontal 
or nearly horizontal planes at the rear, the condition being 
that the inclination of this tail to the horizontal is less 
than that of the main planes. If the machine pitches forward the 
pressure under the tail is reduced more rapidly than that under 
the planes, and may even fall on the upper surface. The tail 
therefore tends to fall. Conversely, any tilt backwards brings 
more pressure to bear under the tad, causing it to rise and right 
the machine. A contrivance of this kind has, in fact, what is 
known as inherent stability, because it operates independently 
of the pilot. 

Lateral stability is secured in one of four ways. The first is 
the use of ailerons. These are small supplementary planes 
attached to the extremities (generally the tear edge, sec Eig. 201) 
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of the main planes, and capable of being rotated slightly from 
the pilot’s seat. If the machine tends to tilt downwards to the 
left it is clear that the wind pressure under the wing on the 
ri^t is greater than that under the wing on the left. The 
aileron on the left is then lowered, and that on the right raised. 
The lifting force under the left or lower wing is thus increased, 
that under the right or upper wing is decreased, and the machine 
returns to its correct level. These were employed on Mr. Cody’s 
biplane. A second method, used on the original Wright biplane, 
consisted of hanging flaps at the ends of the main planes, which 
could be raised or lowered. Their action can be easily under- 
stood. 

A method more frequently used on monoplanes is to warp the 
wings. In this case the rear edge of each wing or plane can be 
bent up or down and the pressure under them adjusted. The 
fourth method is used on biplanes. It consists of a supplementary 
plane on cither side, the inclination of which can be varied. 
It is rarely used now. 

A typical monoplane and a typical biplane are shown in Pigs. 
202, and 203, and 201 . The former has a long, narrow boat-shaped 
body, containing the engine, pilot, and passengers, with the screw 
at the front end. The wings consist of strong, light frames flzed 
rigidly to the body or fusilage, and held in place by tightly 
stretched wires. The tail and rudder are shown at the back, 
fixed by moans of outriggers to the fusilage. The rudder is 
generally operated by wires attached to a lever, upon which the 
feet of the pilot rest, and the warping of the wings or raising or 
lowering of the flaps or ailerons by similar wires connected 
with a lever worked by hand. 

The biplane consists of a strong framework connecting the 
upper and lower main planes. This consists of a series of struts 
holding the two planes apart, and wires bracing them together. 
The tail consists of two horizontal planes flized on outriggers, 
with one or two vertical planes to act as rudders. There used 
to be one or two movable horizontal planes in front which acted 
as elevators, but these have now been discarded. 

The framework is made of wood or less usually of steel. Of 
nine modem (1913) machines two only are of steel and seven are 
of wood, ash and silver spruce being the principal varieties used. 
The wings are covered with textile material treated with rabber 
or some form of varnish, and weighing from 2 to 6| oz. per 
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square yard. In the early machines the pilot sat on a wooden 
seat and was fully exposed to the weather. The latest mono- 
planes have the body encased in a very light material im- 
pervious to wind. A type of biplane made by A. V. Eoe & 
Company has a small cabin fitted with celluloid windows, which 
is entered by a door in the side. This is shown in Fig. 204. 

One of the most important details of construction is the 
chassis or landing carriage. It requires a high degree of skill 
to settle on the ground without a bump, and from the very 
beginning some means had to be adopted other than the bare skids. 
A very effective plan was devised by Farman. The wheels were 
fixed on casters, so that they would turn readily in the proper 
direction. The rod which carried each wheel passed through 
the skids and was held down by rubber bands. On landing 
these bands were stretched, and their resilience broke the shock 
of impact. 

An aeroplane that has attracted a good deal of attention was 
invented by Lieut. Dunne. This is a biplane with no tail ; the 
wings are not in the same plane, being deflexed upward at the 
rear edge of the tips, and the feont edges also slope backwards 
to form a Vee with its apex to the front. This arrangement is 
said to confer great stability on the machine, which requires 
less attention from the pilot and is capable of flying in higher 
winds. 

The engines used for aeroplanes are practically motor-car 
engines, working on petrol and constructed in the lightest 
possible way. It is noteworthy that the brothers Wright started 
their machine by drawing it along a short length of tramway 
rail by means of a rope which was released when it rose from the 
ground. As the engine had nothing to do but drive the machine 
through the air, one of 24 horse-power was found to be suflicient. 
The early French aeroplanes, however, were started by running 
along level ground, and for this purpose a more powerful engine 
was required. At the first flying meeting at Klieims in 1909 
engines of 50 horse-power were common. It was at this meeting 
that Farman and Delagrange used the Gnome engine on a 
biplane and a monoplane respectively. The continued popu- 
larity of this engine, which is described on page G6, may be 
gathered from the fact that about half the aeroplanes in general 
use in Great Britain in 1913 were fitted with it. 

Perhaps the real merit of a light engine is only realised when 
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the weight of the petrol and lubricating oil is taken into account. 
Thus the 100 horse-power Gnome engine consumed 0-87^ pints 
of fuel per horse-power per hour, and the amount required for 
an hour’s journey would be 22 gallons, weighing about 150 lbs. 
Several gallons of lubricating oil would also be necessary for the 
same time. This will rea^y explain why a machine fully 
loaded for flight weighs nearly a ton, and why flights of more 
than four or five hours’ duration are not usually attempted. 

Propellers are generally two-bladed, and were formerly made 
either of metal or of wood, but the latter is considered the more 
reliable. They are built up in layers and then shaped. The 
diameter is from 5 to 10 feet, and the pitch from 3 feet to 6 feet. 
The Wright biplane had two propellers, placed behind the 
machine. Modem biplanes have either single or double pro- 
pellers placed either in front or behind, but as most machines 
are constracted it is safer to have them in front. Some accidents 
have in all probability been due to a wire breaking and becoming 
entangled in the propeller. For the purpose of determining the 
best size and pitch, Messrs. Vickers, Ltd., have erected at their 
works at Barrow a huge rotating arm 110 feet long. The engine 
and propeller are fixed on the outer end, and the rate at which the 
arm is rotated for a given power of engine can be observed. 

TVPIOAL AKROPLANES 

One of the earliest and still one of the most widely used types 
of monoplane is the Blcriot, whose designer was the first to fly 
across the Channel. It is made to carry one or two persons. 
The span of the wings from tip to tip is just under 30 feet in the 
smaller machine and 36 feet in the larger, and the lengths are 
25 feet C inches and 27 feet 6 inches respectively. The areas of 
the main planes are 187 square feet and 263 square feet respec- 
tively. The single-seater has a lifting and the two-seater a ^ed 
tail ; the latter is therefore provided with elevators, which are 
unnecessary with a movable tail. The weights are 550 and 
700 lbs., and each is driven by a 50 horse-power Gnome engine. 
Just in front of the pilot’s seat is fixed a lever which, moved to 
and fro in a fore-and-aft direction, warps the wings, and moved 
sideways governs the lifting tail or the elevator. The rudder is 
manipulated by a foot-rest. 

* The reoeut improvempiitH iu this osgiue, dcsoiibed on pp. 66-7, have 
rpsttltod in a considerable decrease iu tlie consumption of petrol. 

U 
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The Baonoplane constructed by Messrs. Vickers, Ltd. (Figs. 
202, 203, and 205), has a frame of weldless steel tubes which 
carries the fusilage and wings. The rudder is actuated by a foot- 
bar, and a universal lever enables the wings to bo warped and 
the elevator to be raised or lowered. The wings are made of ash, 
and are covered with an extremely strong light material with a 
smooth surface which is impervious to water. AH metal parts are 
tinned to prevent rusting. The machine is very strong, and 
with the great resources at the firm’s command the materials 
are thoroughly tested before use. With an 80 horse-power 
Gnome engine a speed of 70 miles per hour is attained when 
carrying a passenger, and fuel for 3 hotns, and under these 
circumstances it will climb 400 feet per minute. For transport 
it can be dismantled and placed in a case 25 feet 6 inches long, 
9 feet 6 inches high, and 5 feet wide, and taken out and erected 
ready for flying in 45 minutes. Or the wings can be folded back 
and the machine towed behind a motor-car on its own wheels 
as shown in Fig. 206. 

The Deperdussin monoplane illustrated in Fig. 207 is the 
invention of M. Biohereau, and is noteworthy as holding the 
record for speed. With it at Chicago in 1912 Vedrincs won the 
Gordon Bennett Cup with the extraordinary velocity of 105 
miles per hour, and a greater speed than this is said to have been 
attained. This, however, was on a machine specially built for 
racing, having only 97 square feet of wing surface and a 140 
horse-power engine. The ordinary machine embodies a good 
deal of attention to detail in its construction, no loss than three 
different kinds of timber being used in the longitudinal span of 
the wings. The fusilage is not fixed rigidly to the lauding chassis, 
but is slung to it by two flexible belts. The rudder is controlled 
as usual by the foot, and the wings are warped by turning a wheel 
mounted on a bridge. Movement of the bridge backwards or 
forwards operates lie elevator. 

Having dealt so fully with a few of the better-known types of 
monoplane it will be unnecessary to go into the same detail in 
regard to biplanes. It will be observed that the Farman biplane 
(Fig. 201) still retains the screw at the tear, as did the Cody 
machine. This has one advantage in that it enables a gun to be 
used by a passenger sitting in front, as in Fig. 208. Wlion a tractor 
propeller is used a gun can only be fired from the wsar. Com- 
parison of the Farman and Roe biplanes will show also that the 
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former has not gone so far as to enclose the whole of the fusilage, 
while the latter has constructed a machine in which the pilot 
is wholly enclosed in a cabin, and this machine was used with 
great comfort by the late Lieut. Parke, who flew in a storm of 
rain at the military trials on Salisbury Plain in 1912. 

Biplanes are at present slower than monoplanes, but are larger 
and capable of carrying heavier loads. This involves more 
powerful engines, and while 100 horse-power is the highest 
usually employed in monoplanes, 160 or more is required for 
large biplanes. Attempts are about to be made to construct 
biplanes with engines of from 300 to 500 horse-power, and capable 
of carrying any number up to a dozen passengers. Such a 
machine, carrying half a dozen passengers, has already been 
used by Mr. Graham White at Hendon. The more enthusiastic 
exponents of aviation even talk glibly about the establishment 
of regular passenger services in which the power and the numbers 
to be carried make these figures sink into insigniflcance. 

One of the most interesting developments of the aeroplane is 
a machine capable of alighting on and rising from water (Fig. 209). 
This is accomplished by replacing the wheels of the landing 
chassis by a pair of floats, which have sufficient buoyancy to 
support the whole of the macliine and its living freight upon the 
surffice of the water. A good deal of experiment has been 
necessary to dotemiine the best form of float which will give the 
least resistance when gliding along the surface of the water, and 
so enable the machine to rise quickly. The value of such a 
machine for naval purposes is, of course, incalculable, not only 
from the point of view of coast defence, but also for scouting at 
greater distances from land. At the naval manoeuvres in 1913 
it was used to obtain important information, and it is stated that 
officers who had previously been sceptical were fully convinced 
of its value. 


TUB PBOUBESS OP AVIiTION 

Turning now to the progress in aerial navigation since the 
historic meeting at Rheims in August, 1909, it is hardly possible 
to realise its magnitude and rapidity. Before the end of the 
year Wilbur Wright had flown with a passenger for an hour and 
a half, and Henri Farman had actually remained in the air for 
4 hours and 17 minutes. Nor had Englishmen been idle. Mr. 
S. F. Cody, whose lamentable death occurred less than a week 
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before -these lines were written, had made short flights on La-San’s 
Plain. Mr. J. T. Moore Brabazon flew both in England and on 
■fche Continent in a Voisin biplane, and Mr. A. V. Roe flew in a 
triplane propelled by an engine of only 9 horse-power — the 
smallest power with which flight has ever been accomplished. 

It is not without significance that many of these pioneers 
were expert motorists — ^men who understood the petrol motor, 
were accustomed to high speeds, and possessed the nerve and the 
delicacy of balance and touch that made the control of their 
machines almost automatic. These qualities enabled them to 
acquire rapidly a degree of skill which the Wrights and others 
had previously developed by long-continued experiments in 
gliding. 

In 1910 aviators began to make long-distance flights across 
country. The race from London to Manchester for the Daily 
Mail prize of £10,000 -will be freshly remembered by all British 
readers. Twice was Graham White pulled up by treacherous 
winds in the Trent Valley, while Paulhan managed to cover the 
183 miles -with one stop. In America Curtiss flew from Albany 
to New York, a distanee of 160 miles, with one stop. Again, in 
the same year the Hon. C. S. Rolls flow from Dover to Calais 
and back -without descending, while Loraino flew from Holy- 
head to Ireland across 62 miles of sea. With more confidence 
airmen began to attain greater heights, and within a f(W months 
a succession of records was made and broken. Armstrong Drexcl 
began by rising to 6000 feet at Lanark, and before the year was 
over he and half a dozen others had beaten that by more than 
60 per cent. First Morane attained a height of 8469 foot, then 
Chavez 8790 feet, Wynmalon 9174 feet, Drexol, again, 9450 
feet, Johnstone 9714 feet, and finally Legagneux 10,740 feet — 
a height which has since been surpassed on several occasions. 
The record is now over 20,000 feet, or nearly 4 miles. 

The year 1911 was again a year of long flights. The circuit 
round Great Britain, a distanoe of 1010 miles, the Paris to Rome 
race of 815 miles, and the European circuit of 1030 miles were 
won by Lieutenant Conneau ; and the Paris to Madrid race of 
874 miles was won by Vedrines, who is now flying for the Doper- 
dussin Company. An experiment was also made in the carrying . 
of mails from Hendon to Windsor. The following year was * 
notable for the War Office trials on Salisbury Plain, some of the 
details of which will be given later. 
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But the pioneers of aviation are hy no moans satisfied with 
past results, and Vedrines has just completed a flight from Paris 
to Cairo ; has received an invitation to continue his journey 
as far as the Cape of Good Hope ; and talks lightly of flying 
round the world. Nor has the fascination of spectacular flying 
decreased. During the year 1913 Pegoud and Chantaloupe, 
and later B. C. Hudis and G. Hamel, have shown how to “ loop- 
the-loop,” and have set the nerves of timid persons t inglin g with 
the reckless daring of their feats. All this goes to show that 
with the necessary coolness, judgment, and skill, the aeroplane 
is absolutely under the control of its pilot, and has simply added 
a new dimension to locomotion. Freedom of movement in a 
horizontal plane on land and water has been within man’s 
power for long ages, but movement in a vertical plane has hitherto 
been possible only in a laboured way and to a limited extent. 

The early achievements were secured on mac hin es that were 
for the most part flimsy contrivances, but ill adapted for explor- 
ing the unknown currents and vortices of the atmosphere. 
Accidents have occurred by sudden gusts of wind which tipped 
the machines over to such an angle that they could slip sideways 
to the ground. Thou, again, an “ air-pocket,” the rature of 
which is at present little understood, may be entered without 
warning. Those are not cavities, but regions in which the 
pressure or movement of the air is such that it offers but little 
support to the machine, which may thus fall a thousand feet or 
more. They are generally mot with over valleys, and constitute 
a danger which cannot be anticipated cither by the construction 
of the machine or by skilful pilotage. 

But the manufacture of aeroplanes is now in the hands of men 
whoso experience enables them to provide strength whore 
strength is needed, and retain the lightness which is so necessary. 
The ago of indefinite experiment has been succeeded by a period 
of do^tc and progressive design. Stronger material, thorou^ly 
tested, ia being used, and the general proportions which give the 
most satisfactory results are known to a nicety. With the 
great increase in the number of aiemen, there has been a decrease 
in the proportion of reckless spkits, and catastrophe is not 
invited so freely as in the early days. K a proper standard of 
care is maintained, then the causes of accident are reduced to 
two, viz. treacherous winds, and breakage ; and the finest of these 
is the only one which cannot bo eontrolled. There is a tendency 
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to exaggerate the munber of accidents, because they, and not 
the ordinary successful flights, are recorded in the newspapers. 
An investigation by the Aero Club of Franco shows that during 
1912 only one fatal accident occurred for every 92,000 miles 
flown. 


THE AEROPLANE IN WAR 

During the last two years the munber of competent aviators 
has increased to over 2000, flying schools have boon established 
all over England, America, and the continent of Eiu'opo, and 
every government in the world is a purchaser of aeroplanes. 
The Frencbi War Department will probably possess 1000 war- 
planes by the end of 1914. That coiuitry is spending £1,000,000 
per annum upon this section of her army, while the British 
estimate for 1913-14 is £850,000. It is fast becoming recognised 
that the aeroplane will play a part in future warfare, and that its 
use may not be limited to scouting. In Tripoli and the Balkans 
there has been no fair test. It is unlikely that the army of a 
first-rate, power will permit itself to bo spied upon from above 
without retaliating ; and the use of guns firing at a high angle 
wiU be followed by armed aeroplanes specially constructed to 
repel such attacks. The warplane must therefore not only have 
speed, be able to rise rapidly from the ground when by any 
chance it has alighted, and be capable of slower motion when 
taking observations, but it must bo armed, and possibly carry 
also defensive armour. 

In the British Military Trials in 1912 the first prize for speed 
was won by Mr. S. F. Cody, who flow on a biplane of his own 
construction. It was fitted with a motor of 120 horse-power and 
attained a maximum speed of 72 miles an hour. While such a 
velocity is desirable in order to get out of a tight corner, it is 
rather too fast to enable effective observations to bo made, 
and it is essential that an aeroplane scout should bo capable 
of remaining aloft while moving so slowly that the number and 
disposition of the enemy can be noted. By reducing the petrol 
supply or throttling the engine, Cody was able to reduce his 
sjpeed to 45 miles an hour without any departure from a horizontal 
line. 

The second and third prizes for speed at those trials were 
awarded to the Deperdussin monoplane, and the prize for 
speed in climbing to the Hanriot monoplane, wliich rose at the 
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rate of 360 feet per minute. The Vickers monoplane illustrated 
in Fig. 202 is said to be capable of rising at the rate of 400 feet 
per minute. This quality is very important, for if a scout has 
to descend’ near or within an enemy’s lines everything may 
depend upon his ability to get out of range of the guns quickly. 
Apart from the danger to the pilot and his passenger there is 
not much of the machine that is vulnerable. The wings or 
body might bo pierced without serious ejffect, but if the petrol 
tanks were penetrated or the engine or propeller damaged 
then a descent would be inevitable. 

But provided the aviator is not injured sufficiently to destroy 
his control of the machine, safe descent without the aid of the 
engine is not difficult. At the military trials to which reference 
has been made tests wore given to ascertain the greatest distance 
that could bo covered by gliding from a given height. Cody’s 
biplane, starting from a height of 1000 feet, glided 6000 feet 
before it reached the ground, and the Hanriot monoplane starting 
from 1300 feet covered 8000 feet before it came to earth. Seversd 
cases have occurred in which an accident to the engine when at 
a great height has necessitated descent. Mr. Graham White 
mentions in his fascinating book Aviation that when flying in 
America in 1910 his engine stopped, owing to a petrol pipe 
breaking while he was over the city of Washington, but he was 
able to execute a volplane back to the flying ground. The 
essential point is to make the descent gradually ; if the elevator 
or tail is sot at a suitable angle the weight of the machine will 
keep it moving. 

However, tliore is not much satisfaction in gliding down 
unless it is possible thereby to alight well out of reach of the 
enemy or upon suitable ground, and in all probability the larger 
biplanes both for war and peace will be fitted with duplicate 
machinery. Such a machine has already been built and tested 
by Messrs. Short Brothers, which has two engines driving three 
screws, two in front and one at the rear, and is capable of attain- 
ing a speed of 60 miles an hour. Either engine will maintain a 
speed of nearly 40 miles an hour, so that if an accident happens 
to one the pilot can choose his point of descent within any radius 
which his supply of fuel will permit. 
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AIESHIPS 

It is a little curious that the earlier and more obvious method 
of navigating the air should have been overshadowed by a later 
and less obvious one. Ever since balloons filled with hydrogen 
or coal-gas were constructed it has seemed to be clear that 
sooner or later they would be fitted with some means of pro- 
pelling them against the wind. It has already been mentioned 
that Giffard did, in 1852, use a steam-engine for the purpose, 
and though he bent the chimney twice at right angles and 
covered the stoke-holes with wire gauze in order to prevent 
sparks reaching the inflammable gas above, there ate too many 
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risks attacked to suck an esporiment to encourage its extension. 
Bis gas-bag was round in section and pointed at eack end (Fig. 
210). Its largest diameter was 60 feet, lengtk 140 feet, and it keld 
90,000 cubic feet of gas. To tke network over the bag was slung 
a pole about 60 feet long, from wbick the car was suspended. 
This is not a satisfactory method, as it permits the car to oscillate 
independently of tke bag. Tke steam-engine was of 3 horse- 
power, and tke tkree-bladed propeller made 110 revolutions per 
minute. Three years later a larger vessel was constructed, and 
after making a trial flight it came to grief on landing , thus creating 
precedent which has been followed by so many of its kind. 

An interesting balloon was constructed in 1872. The engine 
was driven by gas obtained from the balloon itself, and air was 
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pumped into a smaller bag called a ballounet contained inside 
the larger one, in order to compensate for the gas consumed. 
This attained a velocity of 3 miles an hour, but the plan was not 
proceeded with on account of lack bf funds. The French Army 
used a balloon in the Franco-German War in which the screw 
was worked by eight men, and at a later date one was constructed 
with an electric motor driven by a battery. 

The first definite achievement, however, is due to Benard and 
Krebs, two captains in the French Army. They constructed 
a balloon of which the envelope containing the gas was shaped 
something like a fish. The car was very long — over 100 feet — 
and about feet wide, and 6 feet high. It contained a sliding 
weight which could be moved fore and aft to secure balance. 
The motive power was an electric motor of 9 horse-power driven 
by a chromic acid battery. In 1886 the “La France,” as the 
balloon was called, flow successfully over Paris and returned to 
its starting-point, attaining a maviTmiTn velocity of 14 miles 
per hour. 

Modem airships have been developed principally in Germany 
and France, and are of three types — frigid, non-rigid, and semi- 
rigid. The first of those is exemplified by the famous airships con- 
structed by Count Zeppelin. The bag consists of a framework of 
aluminium, or one of its alloys, divided by partitions into separate 
cells, and covered with fabric. Each cell contains a gas-bag 
filled with hydrogen, which gives the necessary buoyancy. 
Underneath the envelope is a lattice-work keel, triangular 
in section, and covered with cloth, running nearly the whole 
length. Two boat-shaped cars are placed in gaps in this keel, 
and between them is a weight tunning on rails by which the fore- 
and-aft balance can be adjusted. There are four throe-bladed 
propellers 10 foot in diameter, driven by two motors, one in 
each car, of 110 horse-power. 

At the rear end of the envelope are two planes set out at 
right angles to its surface and making an angle of 22J° with one 
another. Those arc called stabilising planes, and their use is 
an interesting example of the value of mathematical investi- 
gation. It has been proved by Captain Benard, and more fully 
by Lieutenant Crocco, that as the velocity of an airship increases 
it becomes unstable, and that this critical velocity is much 
higher when stabilising planes are used. Ascent or descent or 
vertical steering can be effected by means of elevating planes 
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fixed fore and aft, and the horizontal direction is controlled by 
a triple rudder at the rear. 

This huge vessel (Mg. 211) is as large as an Atlantic liner, being 
550 feet long. It weighs nearly 10 tons, is capable of carrying 
nearly 6 tons of fuel, water, crew, passengers, and cargo, and can 
attain a speed of 30 miles an hour. It has maintained a 
regular passenger service, and in seven months made 183 journeys 
and carried nearly 4000 persons. In the later forms the envelope 
is about 525 feet long, and 54 feet in diameter. There are throe 
cars, and eight engines, giving altogether 820 horse-power. 
A speed of 75 miles per hour has been attained, and the airship 
can remain aloft for four days and nights. 

The tendency of the French makers is in favour of non-rigid 
gas envelopes in which the shape is maintained by tho internal 
pressure of the gas (Mg. 211^). The best-known typo is tho 
Clement Bayard. It has four pear-shaped bags or ballonncts 
at the tail. As this form is the one generally adopted it will 
be interesting to give fuller details. 

The gas-bag was fish-like in shape, 184 foot long and 35 foot 
maximum diameter, with a capacity of 124,000 cubic feet. It 
contained a large ballonnot d&vidcd into two comimrtmonts. 
Air can be pumped into either of these by a fan, in order to 
maintain the form. The car is in a girder constructed of steel 
tubes and is 94 feet long, 6 feet wide, and 5 foot high. A covered 
portion in the centre provides protection for passengers and 
instruments. It is suspended to the envelope by steel-wire 
cables, the upper ends of which are fixed to straps passmg over 
and sewn on to the balloon fabric. Elevating planes and a 
vertical rudder are provided. The propeller is 16 feet diameter 
and is driven by a motor of 105 horse-power at 380 revolutions 
per minute. 

The dirigible balloons constructed in England have generally 
been of smaller size. Tho largest hitherto •possessed liy Great 
Britain was the famous Lebaudy airship purchased for the natioir 
by the fund organised by The Morning Post. The envelope 
was nearly 340 feet long, 39 feet diameter, and had a capacity 
of 350,000 cubic feet. It had tail fins like tho Zeppelin, and a 
long frame suspended underneath which acted as a stabiliser. 
The shape was maintained by three internal ballonncts into which 
air could be pumped. The car was shorter than in tho Clement- 
Bayard, and had two propellers 16 feet diameter driven by 
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two motors o£ 135 horse-power each, at 360 revolutions per 
minute. 

It will be clear that at present the airship has advantages 
over the aeroplane in the greater wei^t it can carry and the 
longer time it can remain in the air. It is less speedy, but it 
can hover over any particular spot, and drop larger quantities 
of explosives with more certainty. But if its offensive powers 
are greater so also is its •vulnerability, and its power of escape is 
loss. To bo out of reach of gun-fire a height of 5000 foot must be 
attained, while owing to the rarity of the atmosphere 6000 feet 
represents the upper limit at which evolutions can be conducted. 
For transport of men and materials in time of war the airship at 
present has a clear field ; but it is not very capable of battling 
with high winds, and it would have to be attended by a fleet of 
swift armed aeroplanes to protect it from attack from above. 

In time of peace the airship has already proved its capability 
of quick, but rather expensive, passenger service which, weather 
permitting, can bo maintained •with something of the regularity 
that attended the early sailing ships, and a speed out of all 
proportion greater. The time seems to be not far distant when 
on any clear, still day a glance overhead will reveal aircraft of 
many sizes and varied typo travelling in straight lines from 
origin to destination with a velocity never less and frequently 
greater than that which is possible on land to-day. Their 
paths will generally be at a groat height, in order to avoid the 
eddies and gusts that occur near the ground and to float through 
the calmer airs of high altitudes. But as the boy of the past 
was able to recognise the ships which traded regularly with the 
port in which ho lived, by their size and rig, and as the boy of 
the present recognises the steamship by the colour of its funnel, 
so the boy of the futxire, inland as well as on the coast, -will take 
a delight in learning to identify the speedy vessels which ■will 
flit across the azure dome above him. 


CHAPTER XVII 

WIEELESS TELEaBAPHY 

THOuan one or more means of transmitting messages by elec- 
tricity have been known now for seventy years, the mechanisms 
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by which they are accomplished are understood only by those who 
take a general interest in physical science, and the few to whom 
electrical communication is a profession. So far as theory and 
details of working are concerned, there are a good many people 
still in the same shadowy frame of mind as the old Aberdeen 
postmaster, of whom the well-known story is told. When asked 
to explain the working of his instrument he said, “ Look at that 
sheep-dog. Suppose we hold his hind-quarters here and stretch 
him out imtil has head reaches Glasgow. Then if we tread on his 
tail here he will bark in Glasgow. As it is not convenient to 
stretch a dog, we stretch a wire, and that serves the purpose.” 

As the name implies, “ stretching a wire ” is unnecessary in 
Wireless Telegraphy, though in order to imderstand the finer 
points of theory one needs to stretch the imagination a little. 
That, however, is not so much because there is any inherent 
obscurity or dif&culty in the underlying principles, as because 
the mechanism of all electrical eJSects is more or less intangible. 
Electricity and snagnetism operate across apparently empty 
space, and the links which connect cause and effect have to be 
guessed at. 

Before Marconi arrived, Sir (then plain Mr.) Oliver Lodge and 
Sir William Preece both succeeded, independently, in trausmit- 
tiug messages between two stations quite unconnected by wires ; 
but they employed the induction currents discovered by Michael 
Faraday in 1832. As long ago as 1888 Professor Uoinrich Horte 
had succeeded in producing and examining the properties of 
electric waves, but their interest for investigators lay rather in 
their similarity to waves of light than to their use as a moans of 
communication. The idea first occurred to a young Italian, 
Guglielmo Marconi, who came to England and laid his plans 
before Sir William Preece, from whom he received no little 
encouragement and assistance, and to whom some credit 
for the earlier successes is due. 

Soon after Marconi applied for his British Patent in 1890, 
signals were sent across Salisbury Plain over l^- miles. Next 
year the distance was increased to 4 miles in March, 8 miles in 
May, 10 miles in July, 14J miles in November, and 18 miles in 
December. During the naval manoeuvres in July, 1 899 , messages 
were exchanged between three vessels up to 85 miles apart, and 
in August signals were transmitted across the Channel. By 1901 
the distance at which sigioals were possible had risen to 1800 
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miles. The two stations were St. John’s, Newfoundland, and 
Poldhu in Cornwall. The vast stretch of space between England 
and America had been bridged, and a new link was forged 
between the mother country and her sons across the sea — a 
fitting and auspicious event at the dawn of the twentieth century. 

Before proceeding to examine the methods by which in such 
an incredibly short time it has been possible to link up every 
country in the world by “ wireless ” it will be profitable to con- 
sider what wave motion is, and to review the manner in which 
electric waves can bo produced. 

WAVE MOTION 

When a stone is dropped into still water little ripples spread 
over the surface in ever-expanding circles, and communicate 
to any small floating object in the vicinity a vibrating motion 
about its position of rest. The water itself does not move with 
the ripple, and there is no appreciable tendency for the floating 
object to bo translated in any direction — ^not even in that 
taken by the waves. As the stone reaches the surface it first 
makes a depression, then forces the water out of the way and 
breaks through. After it has disappeared, the water returns 
inward and upward to its former position with a swing, and even 
becomes heaped up where it was originally depressed. This 
swing is repeated a number of times, but to a gradually decreas- 
ing extent, and the ripples become smaller and smaller until they 
cease to bo formed at all. Further, as each ripple spreads out 
from the centre of disturbance it gets fainter and fainter until 
it fades away. 

This method of producing ripples is accompanied by a splash, 
and a good deal of the energy of the falling stone which might 
go to form waves is thus wasted. A more effective method is 
to float a small block of wood — a wooden ball, for example — 
and then to tap it slightly with a hammer. There is here no 
splash, and nearly the whole energy of the vibrating ball is 
utilised in forming waves. 

The waves produced by both these methods are in short 
trains, each consisting of a few vibrations which soon die away. 
They can, however, be made continuous if the ball is lightly 
tapped every time it rises to its highest point. Each ripple then 
may be as large as, and may even become more powerful than. 
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its predecessor, and a persistent stream of tmifona ripples will 
extend over the surface of the water. 

These waves consist of alternate crests and depressions or 
trouts, and the distance from crest to crest or trough to trough 
is called one wave-length. It represents the distance the wave 
travels while the object which caused it makes one complete 
vibration. If the object makes 10 vibrations a second, then 10 
waves will be produced per second, and the first wave will have 
travelled 10 times the wave-length in one second. Or if N is 
the number of vibrations per second, L is the wave-length, and 
V is the velocity of the wave, then 

V=NxL 

The experiments described show waves along tho surface of 
the water only ; but if the vibrating body were immersed in a 
block of jelly the waves would spread out in all directions and 
not merely in one plane. The reader who is fanoiliar with tho 
way in which sound is propagated will have no dillLculty in realis- 
ing how a disturbance can cause waves to extend outwards, 
not in circles, but in spheres or other solid shapes depending on 
the shape of the vibrating body. Tho medium, however, in 
which electric waves are produced is not water, nor air, nor 
any kind of matter as we know it. They can be produced in, 
and will travel through, a vessel which has been deprived of its 
air by the most powerful and effective pumps yet constructed. 
But inasmuch as they are modified considerably by the matter — 
air, water, earth — ^through which they pass, it cannot be said 
that matter is not concerned in their transmission. 

THE PBODUOTION AND TEANSMISSION OE BEEOTBIO 
WAVES 

An electric wave requires for its source an electrical vibration, 
and this was obtained by Marconi in the following way. In Eig. 212, 
a battery or dynamo supplies current to the primary wire of 
an induction coil or tranrformer.^ The secondary coil of tho 
transfonner has one end connected to the aerial wire (a long wire 
suspended from a tall mast), which terminates in a small knob, 
and the other end connected to a similar knob below. When tho 
operator closes the switch the current flows roiuid tho jaimary 
^ For an explanation of a transformer see Chapter V. 
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circuit, and tends to induce a similar current in that connected 
to the aerial. Electricity may be regarded as running into the 
aerial and the earth, until the former can hold no more, when a 
discharge takes place between the knobs and the current flows 
down to earth. When the switch is opened the stoppage of 
the current in the primary causes a similar momentary current 
in the secondary, but in the opposite direction. 

Under proper conditions the spark discharge is oscillatory, 
the electricity rushing backwards and forwards from one end of 
the wire to the other many times a second. Each spark discharge, 
therefore, is accompanied by a short train of waves produced 



Fig. 212. T11.VNHTOUMJ11!, Spark Gap, akd Earthed Aeriad. 


by the to-and-fro motion of the current in the wire. This may 
be illustrated by considering a rope, one end of which is held 
in the hand and the other attached to a point so flir away that 
the rope is fairly straight. If now the end held in the hand 
be moved up and down smartly a few times a wave will travel 
along the rope. The rope then represents a direction m which 
a wave can be sent, while the movement up and down of the 
hand represents the upward and downward flow of the current 
in the aerial wire. The ea/rthed aerial represents the essential 
features of Marconi’s origuial invention. 

If the switch is replaced by a Morse tapper — a lever for making 
and breaking contact, and the coil is worked continuously by a 
trembler such as is used on an ordinary induction coil, then the 
emission of waves can be broken up into “ dots and dashes ” and 
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signals sent in the Morse Code. For though each spark only 
produces a short train of waves, yet with 200 or more sparks 
per second and fifty or more waves per spark, there will always 
be some waves radiating from the aerial. That is to say, the 
duration of contact even for a Morse dot is so long that it cannot 
be completed in the ^interval between the death of one train of 
waves and the birth of the next. 

Unfortunately, this delightfully simple arrangement is similar 
to the splash method of sending out water waves, and is not 
very effective over long distances. A large amount of energy is 
wasted in the spark, and a series of violent impulses or splashes 
is obtained instead of a persistent, penetrating wave motion 
such as is desired. It was accordingly replaced by the apparatus 
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Fig. 213. TllANHMITTlKa AlIltlAt. WITH CoUl'I.Kl) OlUOtllTH. 

shown diagrammaticaUy in Fig. 213. The alternating current 
is supplied by a dynamo to a transformer, which increases the 
electromotive force to a considerable extent. The primary 
circuit may therefore bo regarded merely as providing a suitable 
supply of electricity. The secondary circuit, in which for the 
moment the dotted lines showing the condenser may be dis- 
regarded, consists of two coils and a spark gap. The left-hand 
coil belongs to the transformer, and every time the current 
given by the alternator reverses its direction a current in the 
opposite direction is induced in this coil. The flow of this 
current produces a spark across the gap and, flowing through 
the right-hand coil, induces a current in the aerial coil which 
is wound on the same axis. 

The condenser, shown in dotted lines, consists of a series of 
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metal plates separated by air or paraffin. The even^ numbers 
are connected with one wire — say the lower in the diagram, 
and the odd numbers to the other. They are thus equivalent 
to one pair of plates of many times the area. Their purpose is to 
absorb electricity until sufficient has accumulated to make a 
powerful spark across the gap ; in other words, the condenser 
increases the capacity of the circuit. 

One other important property of these circuits, and the aerial 
must be mentioned. They all have the same natural frequency. 
■WTien an electrical discharge completes a circuit as at the spark 
gap in Fig. 213, there is a natural period of oscillation which 
depends on the form and dimensions of the circuit and the 
size of the condenser, and this period of oscillation can be varied 
by altering any one of these factors. To illustrate this, suppose 
the U tube shown on page 59 to be filled with water, and the 
level in one limb to bo first depressed by blowing into the end 
of the tube and then released, the water will swing backwards 
and forwards, occupying a time for each oscillation which 
depends on the form and dimension of the tube and the quantity 
of water in it. To go back to the coupled circuits ” in Fig. 213, 
the dynamo will produce alternating current of a certain definite 
period, and the circuits and the aerial are arranged to have the 
same natural period. They are then said to be in syntony,*’ or 
to be in tune with one another. The period of vibration of any 
circuit is usually altered by varying the effective size of the 
condenser — cutting part of it out of action — ^and the operation 
is called tuning.” The methods of securing syntony have been 
worked out mainly by Sir Oliver Lodge, and the Lodge-Muirhead 
patents are owned by the Marconi Company. 

The apparatus has been improved by substituting for the 
spark gap a wheel with a number of studs on the rim, see Fig. 214, 
which pass very near two fiixed studs attached to the ends of the 
secondary circuit when the wheel rotates. The action is much 
more rej^ar than with the ordinary fixed gap. 

The Telefunken system, of which a good deal has been heard 
lately, is very similar to that of Marconi, but the spark is quenched 
by spreading it over a number of small gaps of about one- 
hundredth of an inch each. This converts the succession of im- 
pulses radiating from the aerial into a continuous wave having a 
period corresponding to the natural period of the aerial. In the 
Goldschmidt system, again, an alternating-current dynamo 

X 
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having a very high frequency is connected directly to the aerial 
circuit, which is tuned to correspond with it. A third system 
invented by Poulsen employs a special form of arc lamp to 
produce the vibrations. The poles are copper and carbon. They 
are placed in an atmosphere of methylated spirit or hydro- 
carbon vapour and subjected to the action of a powerful magnet. 
Under these conditions a circuit having its ends connected to 
the poles of the lamp has an oscillatory current corresponding 



Fig. 214. DiAauAU TO Illuhtiiate Rotauv Ri'ahk Gai>. 


to its natural period induced in it. In these three t}q>es of 
apparatus continuous waves are produced, (loutinuous waves 
are important because they are essential for wireless telephony. 

We may conclude the remarks on the method of producing 
trains of electric waves with some account of their period and 
length. The number of sparks per second may vary from 25 to 
1000, but in large stations it is not usually less tliau 200. Each 
spark gives out a train of waves which may contain 50 or more 
ripples. This is just as though in the second experiment with 
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water on page 301 a tap would produce 50 successive waves, 
and when these had been produced another tap was given- 
Now with 200 sparks per second and 50 waves in a train there 
would be 10,000 waves per second. Similarly, with 1000 sparks 
per second there would be 50,000 separate waves in the same 
time. These ripples would flow outwardly at the speed of 
light — 186,000 miles per second, so that the waves would vary 
from say 30,000 feet to 6000 feet in length. Such figures are 
difiScult to comprehend. To split time into periods of goim 
of a second and to base practical calculations on it is a monu- 
ment to man’s faith in arithmetic. To imagine wav^s with 
crests even 6000 feet apart is to conceive of something which in 
its immensity puts the ocean to shame. A slight movement of 
the hand will convert the energy of the dynamo into silent, 
unseen undulations which can be detected by an operator over 
2000 miles away almost before the sender realises what he has 
done. Such distances and times are outside the range of com- 
prehension by the ordinary senses with which man is provided, 
but they are measured with certainty and accuracy by the 
instruments which he has invented for his use ; and Ms grosser 
knowledge enables him to manipulate with coiifidence the mar- 
vellous mechanism which is now being harnessed to his service. 

TUB DBTEOTION OF BLEOTJEtlO WAVES 

Sending signals across space is not of much value unless means 
can be devised of detecting and interpreting them at their 
destination, so we now proceed to examine the instruments at 
the receiving station. Marconi’s first detector was a device due 
to Professor Branly, who discovered that metal filings in a small 
heap rested so lightly on one another that they oflered con- 
siderable resistance to the passage of electricity, and a weak 
current was unable to flow throu^ them. When, however, an 
electric wave fell upon them they became conducting, but 
shaking them up rendered them non-conducting again. On the 
supposition that the wave caused the particles to cohere and 
make continuous metallic contact, the device was called a coherer. 
In its original form it consisted of a heap of filings between the 
ends of two metal rods enclosed in a glass tube. The rods and 
filings formed part of a circuit containing also a battery and 
electric bell as in Eig. 215, When the 'wave fell on the coherer 
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the current passed and the bell rang. Unless means were taken 
to prevent it, the bell continued to ring so long as the filings 
allowed the current to pass, so that even if the waves stopped 
the observer would not know it. To obviate this the hanuner 
of the bell was so arranged as to strike the tube containing the 
filings, which were thus de-cohered and prepared to receive 
another signal. At the same time the gong of the bell was 
removed and the signals received through a telephone, Morse 
tapper, or any of the usual telegraphic receiving instruments. 
The use of the coherer, then, was to put into operation a local 
battery and telephonic or telegraphic receiving set, and it did 



Fig. 215. Branly Coherer and BetiL— The Latter i» Drawn 
TO A Smaller Scale. 


this in accordance with the movements of a Morse sounder or 
tapper at the sending station. 

The coherer was replaced in 1901 by Marconi’s magnetic 
detector, an ingenious contrivance whereby the extremely 
feeble currents produced in an aerial at the receiving station 
are used to operate a telephone. It consists of a soft-iron band 
passed round two pulleys which keep it moving, as in Pig. 21C. 
Over the band are the poles of two horsehoe magnets, and the 
band passes through a tube upon which is wound a fine coil of 
wire connected one end to the aerial and the other to earth. 
Over this coil is wound another, the ends of which are connected 
with the telephone receivers which the operator wears over his 
ears. As each train of waves reaches the aerial, it produces a 
click in the telephone, and with a high frequency of sparking 
at the sending station there will be a large number of clicks per 
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second.^ This causes a high-pitched musical note, and as the 
radiation at the sending station is being broken up into long 
and short periods the telephone will reproduce these exactly in 
the operator’s ear. 

The magnetic detector is a really beautiful instrument, and 
in its simplicity and rebability it had much to do with the 
success of the Marconi installations in the early years of the 
new century. Since 1906, however, a host of new devices have 
appeared. Most of them have an advantage over the magnetic 
detector in that they store up the efEeot of several successive 
trains of waves, and then give it out as a more vigorous discharge 
to the telephone. The most modern types consist of a crystal 



or crystalbne substance placed in the circuit through which small 
currents induced by that in the receiving aerial will pass. Silicon 
or carborundum is used for the purpose, and in some cases 
two substances, such as a copper point resting on iron pyrites. 
A diagram of a typical arrangement is shown in Pig. 217. The 
aerial on the left hand is connected to earth through a coil which 
is wound on the same axis as another coil in the telephone circuit. 
The telephone circuit contains a battery and the detector, 
and there are two condensers, one on each side of the detector. 
The circuits arc tuned so as to be in syntony with the aerial. 
When a train of waves of the right frequency strilces the aerial, 
currents are induced in the first portion of the circuit and charge 

^ As tlio soft-iron wire moves under tho magnet polos its magnetic polarity is 
cliaiiged. This ohango occurs very much more suddenly when electric waves arc 
falling upon the win*. The slow cliuiigo of magnetic polaiity produces no 
audible eUect in tho telephuue, whereas the sudden change produces a click. 
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up tlie first condenser. This tends to overflow through the 
detector, which allows the second condenser to become charged, 
but does not permit the charge to passed out again. It acts as 
a trap, permitting the current to flow one way but not another. 
The second condenser therefore discharges steadily through the 
telephone, but at such a rate that the detector is enabled to 
pass to it several charges before the first one has escaped. 

Detectors of this kind are called integrating detectors, because 
they sum up or add together a number of small impulses. Other 
forms of detector are used — some by the Marconi Company and 
some by their American and Continental rivals ; but for a de- 
scription one of the numerous books on wireless telegraphy must 



Fig. 217. Receiving Aerial with Oouplbd Oircuitr. 


be consulted. It should be noted here, however, that a dificrent 
method has to be adopted with the continuous waves emitted 
by the Poulsen and Goldschmidt sending apparatus. 

The reader will have noticed that in the descriptions of the 
sending and receiving apparatus, some emphasis has been laid 
on the importance of the circuits at each end being tuned to the 
aerial. Again, on page 309 it was stated that when a wave 
‘^of the right frequency strikes the aerial,’* etc. Now this problem 
of tuning is of such importance and interest that it will bo well 
to give a page to its examination. Consider a pendulum com- 
posed of a weight suspended by a cord. If the weight is pulled 
to one side and then released it swings backwards and forwards 
for some time. So long as it is not pulled very far to one side 
each to-and-fro motion takes the same time for completion. 
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Even as the swings die away until the movement is hardly 
noticseable, the time taken for a to-and-fro movement remains 
the same. In this respect the swing of a pendulum and the 
oscillation in an electric circuit are the same. The natural period 
of the pendulum depends on the length of the string, and the 
period of an electric circuit upon its form and dimensions. 

If the weight or bob of a pendulum at rest is given a series 
of very light taps at intervals corresponding to the time of 
swing, it is soon set vibrating, and if the taps are continued its 
movement becomes very large- On the other hand, if the taps 
are not timed to take place at the proper intervals, any motion 
first set up is soon stopped. The effect of a series of impulses 
properly timed to coincide with the period of any body capable of 
vibrating is very striking. Professor J. A. Fleming in his book 
on Waves in Wa^efr^ Air^ and Ether cites a case which illustrates 
this vividly. He was in a shipyard and noticed a long wooden 
mast lying horizontally on two supports near the ends. Making 
an estimate of the natural period of vibration of such a piece 
of timber, he pressed his finger on the middle of the mast and 
repeated this at what he conceived to be the right interval. In 
a short time the huge mast was vibrating so violently as to 
threaten to jump off its supports. 

It is obvious from these facts that if the aerial has the same 
period of electrical vibration as one of the circuits in the sending 
or receiving apparatus, then a current oscillating in one of the 
circuits will set up powerful electrical oscillations in the aerial 
and vice versd. In every other department of engineering, reson- 
ance, as we have said before, has to be provided at all costs 
on account of the enormous forces that are called into play. 
A regiment of soldiers marching over a bridge are thrown out of 
step lest their measured tread shall set up such vibrations in 
the structure as to destroy it. The alternating current at a 
central generating station may happen to coincide in period with 
the natural time of vibration of the circuit with disastrous 
results, and electrical engineers take great precautions against 
such an occurrence. But this phenomenon, so dangerous in nearly 
every other field, has been the salvation of long-distance wireless 
telegraphy. At present we are only concerned with part of the 
story. It is sufficient for us at this stage to be able to realise how 
at each station the whole of the apparatus for sending or receiving 
is adjusted to vibrate in sympathetic harmony, each part rein- 
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forcing and being reinforced by tbe other part, strengthening 
the feeble, or weakening the strong, softening down difierences, 
and behaving in a manner which reflects the human genius that 
gave it birth. 

Let us now carry the matter a step further, using this time 
tuning forks as an illustration. A tuning fork is made of steel or 
other highly elastic material, and the prongs are of such a size 
and stibess that the same fork always produces the same note. 
The sound produced by a fork is not very loud, but it may be 
increased if the fork is &s:ed to a sounding-bos. This is a wooden 
bos, open at one end, and of such dimensions that the natural 
period of the column of air is the same as that of the fork. When 
the fork vibrates it sets the air in the bos vibrating also, and 
the sound is louder. Suppose two forks have the same pitch» 
that is, they make the same number of vibrations per second 
and give the same note, and let one of them be set in motion. 
In a very short time it will be found that the other one is sound- 
ing, and if the first one be stopped by placing the finger upon it, 
the second one will be heard distinctly. Here the vibrations 
have travelled through the air, and, impinging on the second fork, 
have set it vibratiag. If the second fork has a very difierent 
pitch it will not be affected by, nor will it affect, the other. 
But if the difference of pitch is small and the waves which the 
first fork emits are strong, there will be a “ forced ” vibration 
set up which, however, is not so powerful as the natural one. 

Now two aerials behave in precisely the same way as the 
two tuning forks. If one is oscillating at a certain rate it is 
sending out waves of a corresponding length, because, as was 
shown on page 307, the wave-length is equal to 186,000 miles 
divided by the number of vibrations per second. These waves 
can be picked up most easily by an aerial having the same 
natural period of vibration and capable itself of radiating 
waves of the same length. Since the natural period of a circuit 
can easily be altered by altering the capacity, any circuit can 
be tuned so as to be in syntony with another circuit. It is 
clear that if every message was picked up by every receiving 
station there would be great confusion, and on that account 
each station has a fibred wave-length for transmitting which is 
known to all the other stations. If a signal roaches a station 
which is not in proper tune with it, and the operator believes 
that he is being called, but cannot toll because the signal is not 
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clear, he alters the capacity of his aerial until the sounds in the 
telephone reach their greatest distinctness. 

THE GROWTH AND APPLICATIONS OP WIRELESS TELEGRAPHY 

We shall now leave the theory to consider some of the applica- 
tions and results, and return from time to time when fi:^her 
explanation is necessary. A short account has been given at 
the beginning of the chapter of the successive stages of progress. 
The first Marconi station was established at the Needles in the 
Isle of Wight in 1896, but it was only used for experimental 
purposes. The first paid Marconigram, however, was sent from 
there by Lord Kelvin to his friend Sir George Stokes. On 
Christmas Eve, 1898, a permanent apparatus was installed on the 
Goodwin Lightship, and twice in the succeeding year accidents 
were reported. Other land stations followed, and in 1900 the 
first move towards the conquest of the Atlantic was made by 
the erection of the more ambitious station at Poldhu in Cornwall. 
The aerials were supported by twenty masts each 210 feet high. 

In the following year the Cape Cod station was commenced 
on the other side, but the masts both there and at Poldhu were 
blown down by heavy gales within a couple of months of one 
another, and were replaced by four wooden towers of the same 
height. By February, 1902, Marconi, on board the PMladel/phia, 
was able to receive from Poldhu readable messages up to a 
distance of 1550 miles, and Morse signals up to over 2000 miles. 
Before the end of the year Transatlantic communication was 
an accepted fact, and arrangements had to be made to erect 
more powerful stations. In 1907 the now stations at Clifden 
Bay, on the west coast of Ireland, and Glace Bay, in Nova 
Scotia (Fig. 218), were opened for public service. 

The problem of sending messages over long distances was 
facilitated by Marconi’s invention of the ddrectioml aerial in 
1905. Ho found that a horizontally bent aerial would radiate 
waves most strongly in a direction opposite to the free end. 
Thus at Clifden the aerial is earthed near the power-house, 
and stretches for three-quarters of a mile in the opposite direction 
to Glace Bay, the station on the other side. The receiving 
aerial is similar but longer. Separate sending and receiving 
aerials are necessary to enable messages to be sent and received 
at the same time. 

The older stations, such as Poldhu, and, indeed, most of the 
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newer ones, use alternating-current dynamos. At Clifden and 
Glace Bay, however, a direct current is used, and this is supplied 
by a battery of accumulators. The design of the apparatus for 
these large stations has presented a new series of problems to 
electrical engineers. The main circuit carries a current capable 
of performing work at the rate of 200 or 300 horse-power, and 
the pressure driving this electricity round the circuit is 20,000 
volts. Yet this power has to be stopped and started three 
times in every second, and the apparatus must work continuously 
night and day for weeks without a breakdown. 

While communication across the Atlantic has been maintained 
regularly now for five years, it must not be imagined that there 
are no difficulties and that all the problems have been solved. 
In spite of a high degree of perfection in the instruments for 
producing electrical waves and in those used to detect them, the 



wave meets with many adventures on its way, and there is 
some uncertainty as to how it really gets there. One of the 
problems which, while it has been surmounted practically, still 
evades theoretical explanation, is the particular path pursued 
by the wave between the stations. When Marconi first made 
the attempt to put England and the American continent into 
communication, there were no scientific facts which pointed 
to success, but there were some which indicated the impossi- 
bility of surmounting the great aqueous hump of the Atlantic, 
125 miles high, which lies between (Pig. 219). An electric wave 
is in effect a very long light wave travelling with the same 
velocity — 186,000 miles a second — ^and possessing many other 
similar characteristics. Now light waves show a rooted objection 
to turning a comer. Save for a slight bending round the edges 
of objects, they pursue a straight path from origin to destination. 
If an electrical wave were endowed with equal rectitude, and 
were launched on its way to Canada from Poldhu, it would 
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arrive there something like a thousand miles above the land. 
Signals hovering in the heavens above and having no tangible 
connection with the earth below would be rather useless; 
from that height they could not oven be collected by a kite. 
Fortunately, however, the waves come to earth themselves, 
and there is some evidence to show that they travel all the 
way through the air. Perhaps a more strikmg illustration of 
what the curvature of the earth involves is to be found in the 
fact that when receiving signals at Buenos Ayres from Clifden, 
a distance of 6700 English miles, Marconi was detecting waves 
which had been deflected from their original direction by 97° ! 

Reference was made in a previous paragraph to the adven- 
turous character of the waves’ journey. Their progress is ham- 
pered in two ways, neither of which is quite understood. In the 
first place there is a falling oflE in their strength greater than any 
which was forecasted by electrical knowledge. Again, there 
is a marked difierence between the distances at wMch signals 
can be heard by day and by night, and the variation is greatest 
at sunrise and sunset. Long and short waves do not behave in 
quite the same way as regards penetrating power, and they 
difier according to whether they are passing over land or water. 
Moreover, signals are more easily sent in a north and south, than 
in an east and west direction. Into a minute tabulation of these 
variations it is not necessary to enter. They are generally 
fairly constant, and in any case an operator has to send his 
message and risk getting it through. 

There are, however, a number of other kinds of interference 
which arise from electrical disturbances in the earth’s atmo- 
sphere. A flash of lightning is liable to give rise to a wave of 
enormous power which will set half the aerials on the earth 
vibrating in spite of the diJScrences of pitch to which they are 
tuned. Thunderstorms are at their worst in the summer in 
temperate latitudes, but they occur to some extent all the year 
round, and those in the tropics are of extreme violence. As a 
consequence it is frequently almost impossible to decipher 
earthly messages owing to the imperious signals from the clouds. 
Of the various methods adopted for choking off the “atmo- 
spherics ’’ as the disturbances are called, one is to use receiving 
circuits which respond only to a narrow range of oscillations 
very different from those produced by a li^tning flash. The 
employment of a high-pitched musical note in the telephone is 
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also an advantage because its extreme regularity distinguishes 
it from the marked irregularity of the stray waves. 

In no direction was the value of wireless telegraphy so quickly 
recognised as in connection with shipping, and the history of 
disaster at sea during the last fourteen years is a striking tribute 
to the importance of the invention. Not a year has passed 
without wireless telegraphy bringing succour to some ship in 
distress, and though it has not in all cases availed to prevent 
loss of life, it has assuredly saved many persons fi oin an otherwise 
certain death. 

On the palatial passenger steamers that plough the Atlantic 
the Marconi apparatus enables the travellers to keep in touch 
with their friends, to transact important business on either 
side of the water, and to secure a continuity of life which was 
formerly divided by a sea voyage. All the larger vessels now 
publish a daily paper on board, the news in which has been 
supplied by the same agencies who feed the newspaper on land. 
Information is flashed to meet or overtake the vessel and caught 
up by her aerial, as she pursues her way at 25 or 30 miles an hour. 

In the case of cargo vessels the owners are able to get into 
touch with them at any point of their voyage. They can advise 
the captain where to call for coal or cargo, while he on his part 
can get into communication with the authorities or his firm’s 
agents at the port of call, and have every necessary or desirable 
preparation made for his arrival. Should an accident happen 
he can call assistance, inform the owners, or relieve anxiety and 
suspense. At no time is he isolated from the world. The forti- 
tude, courage, and daring of those “ who go down to the sea in 
ships ” has never been called into question, but it has i£ anything 
been emphasised by the receipt of messages from an operator 
at his post, to whom the bonds of duty were as bonds of steel, 
and who calmly operated the tapper until the waves entered his 
cabin and brought him honourable release. 

It is not enough that ship should be capable of communicating 
with ship ; and the growth of land stations has been phenomenal. 
All round the margins of the great ocean basins are dotted groups 
of buildings with their tall masts which flash their messages 
across the waste of water (Pig. 220). These shore stations are 
more powerful than those on board ship. The latter as a rule 
vary from ^ to 10 horse-power, and have a range of 50 to 500 
miles. The former may employ several hundred horse-power 
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and have a range across land or sea of 1000 fco 2000 miles. The 
Yearhooh of Wireless Telegraphy for 1913 gives a list of about 
370 shore stations and over 1000 ship installations. Each of 
these has definite “ call letters,” and its range of wave-length 



is known. It is obvious that with this vast increase in the 
number of stations and the relative lack of secrecy, great con- 
fusion was likely to arise. In this country the fact received 
early recognition, and the government assumed the responsi- 
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bility through the Postmaster-General of prohibiting un- 
authorised installations. An aerial can only be set up under 
licence, and private transmission is rarely allowed. The United 
States was much later in taking action, but after the confusion 
that arose from the private messages in regard to the Titanic 
disaster, restrictions were imposed. International conventions 
have been held in 1903, 1906, and 1912, at which rules governing 
the working of stations have been drawn up. For commercial 
purposes standard wave-lengths of 300 and 600 metres have been 
adopted, while wave-lengths of 600 and 1600 metres are reserved 
for military and naval purposes. The original “ call letters ’’ 
in case of disaster at sea were C.Q.D., and this was from the first 

acknowledged to have prece- 
dence over all others. At the 
International Convention of 1906 
the signal was altered to R.O.S., 
the initial letters of the phrase 
“ Saving of Souls.” ^ 

Before leaving the applications 
to shipping it will be interesting 
to examine one important in- 
vention which has recently been 
perfected. It has hitherto been 
impossible for a ship to know 
^ - from what direction came the 

Directive Aerials. signals she received ; and a num- 

ber of efforts have been made 
to devise an apparatus which would reveal not only the message 
but the direction. An early attempt was made by Marconi to 
rotate his horizontally bent aerial (see p. 313) about its vertical 
portion until the signals were strongest. 

This, however, is not practicable on board ship, and a more 
satisfactory plan has been worked out. If an aerial consists 
of two vertical wires half a wave-length apart, and connected 
by a horizontal wire as in Fig. 221 (consider one only), then a 
wave travelling in the direction of the horizontal wire will 
induce an upward current in one vertical wire and a downward 
current in the other. A current will flow, therefore, from one 
vertical to the other along the horizontal wire. A wave reaching 
the aerials at right angles to their plane will tend to produce 
an upward or downward current in both vertical wires. In this 
^ This identity is accideuUl— not intentional. 
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case no current will flow in the horizontal wire at all. Should 
the wave approach from any other direction a current will flow 
in the horizontal which will vary in strength with the direction, 
being greater as the line of approach coincides with the plane of 
the aerial. This device was due originally to Mr. S. G. Brown 
and was improved by M. Andr6 Blondel. In 1907 Messrs. 
Bellini and Tosi patented the application of two of these aerials 



Fig. 222. DiAGiiAM TO Explain the RAtnoGONiOMETER. 


placed at right angles to each other, so that the waves would 
produce their maximum efiect in one when they produced no 
effect in the other. An important part of the invention was the 
radiogoniometer by which the effect in the two aerials was 
compared. This consisted of two coils forming the middle of 
each aerial which were mounted vertically at right angles to 
one another as in Fig. 222. A third coil connected with the 
receiving apparatus was placed in the middle so that it could 
be rotated into a position parallel with either of the fixed coils. 
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The direction of the plane of this coil which gave the loudest 
signals indicated the direction, but not the sense, of the incoming 
waves. The great defect was that the apparatus could only be 
constructed to be perfectly reliable with waves of small length. 
A more recent invention by Mr. C. B. Prince gets over the 
difficulty by using one iirectvoe and one non-directional aerial, 
and by an arrangement for comparing exactly the strengths 
of the signals in each. It is now possible, therefore, for a ship 
travelling through a fog to know exactly the direction from 
which the various wireless calls are coming. When these are 
sent out by other ships she can avoid them or go to their aid, and 
when they are sent out by lighthouses and shore stations she can 
steer clear of a rockbound coast. 

For communicating overland in civilised countries, and from 
land to land along the recognised routes of ocean travel, Wireless 
Telegraphy is in direct competition with the telegraph line and 
cable. But there are great stretches of country where it has a 
clear field. If a map of Africa be examined, it will be seen that 
Great Britain has immense possessions in the south which 
extend from the Cape to Rhodesia ; and that in Egypt and 
the Southern Soudan she exercises an influence from the north- 
ern coast nearly half-way down the continent. Similarly, 
Germany has possessions on the east and west coasts. Readers 
will be familiar with Cecil Rhodes’ dream of a Cape to Cairo 
Railway cutting the Dark Continent in two halves, and will see 
from time to time in the newspapers an announcement of the 
opening of a new section. It is probably true that in most 
cases the telegraph precedes the railway, or at all events, 
accompanies it. But it is unlikely that this will bo so in Africa. 
The Cape telegraph line now goes far north into Rhodesia, and 
the Egyptian telegraphs stretch southwards into the Soudan. 
Between the two is a vast area of country containing the 
great lakes, peopled by savage tribes, roamed by herds of ele- 
phants, and affording sustenance to the white ant. For the 
present, at any rate, this track is to be bridged North and South, 
East and West, by Wireless Telegraphy, which, so long as it 
has a fairly civilised origin and destination, is unaffected by 
the savagery of the land over which its messages are sped. 
The trackless forests of the Amazon, where it would be well-nigh 
impossible to maintain a clearing, are being threaded by wireless 
messages worked on the Marconi and Telefunken systems. 
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All European countries are establishing special stations which 
shall put them into close and regular touch with their colonial 
possessions, and the British Government has projected a great 
chain of Imperial Stations that will link up the most distant 
parts of the empire to the mother country. These are to be in 
England, Egypt, East Africa, South Africa, India, near Singapore, 
and at Fort Darwin, the last-named to be erected by the 
Australian Government, see Fig. 220. The wave-lengths are to be 
those reserved for military and naval purposes — viz, from 600 
to 1600 metres. The aerials will be enormous, and steam turbines 
of from 1200 to 2500 horse-power are to be employed to drive 
the dynamos for each station with which communication is to 
be kept up. Signalling in one direction only is to attain a speed 
of fifty words per minute, and in both directions twenty words 
per minute. Moreover, in order to prevent the transmitting 
and receiving instruments at any station from interfering with 
one another, they will have to be not less than ten miles apart. 

Space will not permit of an account of the use of Wireless 
Telegraphy in War, of the beautifully compact and portable 
apparatus, see Fig. 223, which, in South iirica, in the Far 
East, in Tripoli, and in the Balkans, has already proved a 
powerful aid to strategy. Nor can the interesting problems 
which attend the adaptation to the aeroplane, see Fig. 224, and 
the airship be hero discussed. Sufficient will have been said to 
indicate in some measure the extraordinary progress that has 
been made since the birth of the invention in 1896, and to explain 
to some extent the simpler principles upon which that and 
subsequent improvements have been based. The reader will 
be able to see, in inaagination, the powerful waves spreading 
out from the transmitting aerial, and, in some as yet inexplicable 
way, curving round the surface of the earth. He will see them 
arriviuLg at their destination so exhausted by a journey of 2000 
or 3000 miles across space that they are barely able to reveal 
their presence. But he will know that, however feeble they 
may be, so long as they exist at all they retain undiminished a 
property of which time alone can rob them. They still vibrate 
at the same rate as they did when the transmitting aerial flung 
them out across ocean and continent to carry their message of 
peace or war, life or death, joy or sorrow, between remote 
places on the earth. If he realises this he will see them con- 
verting the world into a whispering gallery, caught up here 
y 
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and ttere by a receiving aerial tuned to thrill to their music, 
reinforced and strengthened in sympathetic circuits, and 
reconverted into the universal language of the Morse code in 
the telephone at the observer’s ear. 


CHAPTER XVIII 

SHIPS OP WAB AISTD THEIR WEAPONS 

If an attempt were to be made in this chapter to recount all the 
modem discoveries and inventions which find application in a 
twentieth-century navy, it would necessitate a volume two or 
three times as large as this one. A warship is one of the few 
structures in the world in which first cost is secondary to de- 
sirability. Certainly, a limit of expenditure is laid down, but 
only after careful consideration has shown that what is wanted 
can be provided for the money. Consequently, every invention 
that adds to strength, stability, seaworthiness, safety, speed, 
economy of fuel, convenience of navigation, and effectiveness of 
offence or defence, appears in vessels charged with the duty of 
protecting an empire. As a total change of policy, resulting in a 
complete alteration in the constitution of the British Navy, and 
of the character, size, speed, and armament of individual ships, 
was instituted in 1905, it wiQ perhaps be of interest to give a 
brief account of a modem fleet before attempting a detailed 
description of a few of the more remarkable features of its 
equipment. 

Before the period under review the Navy consisted of a very 
large number of types of ships. There were battleships, first- 
class armoured cruisers, second-class protected cruisers, third- 
class cruisers, gunboats, and a host of others. Some were 
capable of operating at great distances, and others were intended 
only for coast defence. But in the last eight years only four typos 
of vessel have been laid down, viz. BaUksM'ps cmd BaUle-Cmdsers, 
Scouts, Destroyers, Submemms. Associated with these, of course, 
are mother ships for the submarines, and other vessels which are 
mostly obsolete craft which have been refitted for their special 
purpose and do not count on the fighting strength. 
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BATTLESHIPS, ORUISEES, AND SCOUTS 

Battleships of the Dreadnought class are heavily armed and 
heavily armoured vessels of moderate speed. The older battle- 
ships of the Lord Nelson class carried 9-2-inch guns, and a number 
of others of varying size which could rarely all he used in the 
same engagement on account of their diSerence of range. The 
Dread/nought carried ten 12-inch guns mounted in the way 
shown in Fig. 226. Six of these it will be seen were on the 
centre line, and four on the broadsides. Eight of these guns, or 
80 per cent of the total heavy armament, can be fired on either 
broadside, and four or six can be fixed ahead or astern. The 




Pig. 225. Aruancj-ement of Heavy Guns and Ajimoub on the 
Fiuht Dreadnought. 


speed was raised from 18 to 21 knots and the manoeuvring 
power increased by the use of twin rudders, A high freeboard 
(height above water-line) forward enabled the guns to be worked 
at high speed in a seaway. The secondary armament consisted 
of twenty-four 12-pounder guns. Normally, the object of these 
is to repel the attack of torpedo-boats, though they may be used 
against bigger opponents at close quarters. But the increasing 
range of the modem torpedo, which is now steered by a gyrostat, 
reaching at least 6000 yards, or nearly 3J miles, has rendered it 
necessary in later vessels to replace the 12-pounder by 4-inch, 
quick-fijmg guns. 

The original DreadmugU was protected by a belt of armour 
on the water-line 11 inches thick, tapering to 6 inches forward 
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and 4 inches aft. The redoubt armour above this varied from 
11 inches to 8 inches, the armour of the gun turrets and fore 
conning tower was 11 inches, and of the after conning tower 
8 inches. The protective deck was of steel and varied from 
If inches to 2f inches in thickness. This main dock was 9 feet 
above the water-line, and no bulkheads below this level were 
pierced except for pipes or wires. The absence of watertight 
doors from one compartment to another was compensated by 
the provision of lifts from the main deck. 

In later vessels of this type it has already been stated that 
4-inoh guns replaced the 12-pounders, and the thickest armour 
was increased to 12 inches. The displacement was increased 
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from 18,000 to 20,000 tons, and the horse-power is 23,000. (The 
tonnage of a warship is the actual displacement ; of a ship in 
the mercantile marine it is the cargo space in cubic feet divided 
by one hundred.) 

A inore modern type of battleship is a Super-Dreadnought, 
wluch is superior in size, speed, and armament to those originally 
built. Of the eight ships laid down, four — Orion, Congueror, 

M^rch, and Thwnderer — are complete, and the other four 

Ajax, Audacious, Centurion, and King George F— -will be com- 
missioned before this book leaves the press. The Audacious, 
built and engined by Cammell Laird & Co., is illustrated 
in Kg, 226, and the arrangement of guns and armour in Kg. 227. 
These vessels are about 650 feet long — ^more than 50 foot longer 
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than the original BreadmiigM — ^have a displacement of 23,000 
tons, and a speed of 21 knots. They are armed with ten 13'5- 
inch guns, all arranged on the centre line, and sixteen 4-inch 
quickfiring guns. The armour is 12 inches thick on the belt, 
9 inches on the redoubts, and 8 inches elsewhere. The extra 
displacement is due to the arrangement of the heavy guns, 
which necessitates a longer ship, and to the increase of space 
required by engines to give the higher speed. 

The main differences between these ships and later ones laid 
down is the substitution of 14-inch for 13*5-inch and 6-inch Q.P. 
for 4-inch Q.P. guns, the adaptation to burn oil fuel, the im- 
portance of which was dwelt upon in Chapter II, and an increase 
of speed. But in general arrangement and construction there is 
no radical departure from the type. 

The whole of a modern battleship is constructed of steel, and 
no wood or other inflammable material is used where it can be 
avoided. The partitions, doors, and even the furniture are of 
steel which, though it may be pierced by a shot, does not splinter, 
and the casualty list is thus reduced if the armour is penetrated 
by a shell. 

In addition to the guns there are from three to five submerged 
torpedo tubes, and the room required to manipulate these 
enormous projectiles, which are 18 or 21 feet long, adds to the 
displacement. When the ship goes into action most of the crew 
are buried deep in the vessel’s hull, each with a definite duty, 
and small chance of escape if the ship should meet with disaster. 
Every compartment is in telephonic communication with the 
conning tower, from which the captain directs the multifarious 
operations required to manoeuvre the ship or train and discharge 
her weapons. 

The whole vessel is a complicated mass of machinery. For 
the engines which propel it through water must have auxiliary 
machinery such as air pumps, water pumps, oil separators, oil 
pumps. Then there is the machinery to drive the electric, 
hydraulic, and pneumatic equipment to work the guns, torpedo 
tubes, lifts, ammunition hoists, the steering-gear, the winches 
for coaling and for raising the anchor, the searchlights and 
general lighting of the ship. On every side there are handles, 
buttons, switches, levers, dials to indicate this or that, and 
scores of appliances that have occupied hundreds of brains in 
their conception and thousands of hands in their manufacture. 
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The modem Cruiser is practically indistinguishable from a 
battleship ezeept in regard to the heavy guns and to thiclcness 
of armonr, and in size it ezcels the Super-Dreadnought. The 
three most recent representatives at the time of writing aro the 
Lion, Princess Royal, and Queen Mary. They aro 660 feet long, 
88 feet beam, draw 28 feet of water, and displace 27,000 tons. 
They have four screws driven by turbines of 70,000 horse-power, 
and can make 28 knots. The main armament (sec Fig. 228) 
consists of eight 13’5-inch guns arranged on the centre line, and 
the secondary armament consists of sixteen 4-iuch quiokfixiug 
guns. The armour is 9 inches on the belt and 5 inches in other 
parts. 

Contrasted with earlier types, modem cruisers and battleships 



possess a smaller variety of guns, but the heavier ones arc more 
powerful than formerly, and will ponctrato any armour at the 
range at which an enemy’s vessel can bo soon. For in spite of 
the improvements in armour plate tliis has not been able to keep 
pace with that of artillery. It is therefore a little dillicult to 
account for the tendency to increase iJio size of the latter, 
14-inch and 15-inoh guns having been constructed,^ and 16-inch 
being in contemplation. According to Admiral Sir Reginald 
Oustanco, iraiting in The Naval Annual for 1913, so long as a 
shell drops in the right place it matters little whether it is largo 

' Thn heavy gnns of tljO British liattlcohiii AVjwcW//., wliioli wiwcoinniis- 
aioncrtiu 1914, were deacribed as “imjtrovod IS’.'i-iucli." Some weeks laUrtho news 
Inakcd out that tliis va{?uo iihraso was intended to eovor “ 1 .’i-imtli.” The result 
of this aeoroey is that Great Britain is the lirst noun try to lulupt the IR-iuch gun 
on shiiw of war, and in this respect has a oloar two years’ start of her rivals. 
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or sraall. Given equal skill in gunnery, the greatest wei^t of 
shot that can be fired per minute is a measure of offensive 
strength, and a larger number of guns of the miTiinnum size for 
penetration should be the most effective. The answer to this is 
that the effectiveness of a gun depends upon its muzzle energy ; 
that is, upon the weight of the projectile and the velocity with 
which it leaves the gun. And it is claimed that a larger gun 
enables the same muzzle energy to be attained with less wear 
and tear on the gun. 

The second tjrpe of vessel, which will be classified here as a 
Scout or Cruiser, has grown out of the old third-class protected 
cruiser of the ’nineties, which reached its highest development in 
1902-3. The Diadem, launched in that year, was 380 feet long, 
3000 tons displacement, with engines of nearly 10,000 horse- 
power and a speed of 22 knots. The armament consisted of 
twelve 4-inch and eight 3-poundor quickfiring guns. After 
1903 six scouts were built, the type vessel being the Pathfinder. 
They were about 370 feet long and the displacement varied from 
2700 to 2900 tons. The horse-power was 15,000-17,000, and the 
speed 25-26 knots; the armament consisted of 12-pounders 
and S-pounders. 

In 1907, 1909, and 1910, the size increased to 5000 tons, and 
the horse-power to 22,000, while the armament was composed 
of 6-inoh and 4-inch quickfiring guns. This steady increase in 
size and weight of guns is characteristic of the whole trend of 
naval construction. 

The gunboat is now for all intents and purposes obsolete 
except for river service, and has been replaced by the Torpedo- 
Boat Destroyer — often called simply a destroyer. These are 
practically torpedo-boats and gunboats combined. One of the 
most recent torpedo-boats is No. 29 T.B., built by Messrs. 
Denny of Dumbarton in 1908. She is 180 feet long by 18 feet 
beam, with a displacement of 278 tons. There are three screws, 
and her speed is 26 knots. The armament comprises two 12- 
pounders and three torpedo tubes. For comparison, consider 
the destroyer Beagle, launched the following year. Here we 
have a vessel 209 feet long, 37 feet beam, and 860 tons displace- 
ment, With three screws and engines of 12,600 horse-power 
she makes 27 knots. The armament is one 4-inch gun, three 
12-pounders, and two torpedo tubes. 

In the newer vessels of this type the chief aim has been an 
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increaise ia speed, and in the l/urclier (Fig. 229), built and engined 
by Messrs. A. F. Yarrow & Company, the British Navy possesses 
one of the fastest vessels in the world. She is 255 feet long, 25 
feet beam, and over an eight hours’ trial actually attained an 
average speed of 35*34 knots, or about 42 miles an hour ! There 
are two screws driven by turbines, and the boilers of the type 
described on page 40 are fired with oil fuel. In commenting on 
the trial, Engineerirtg of September 27th, 1912, remarks that no 
destroyer has ever attained such a high speed over such a long 
period. Another boat of this class — ^the Smfl — ^built by Messrs. 
Cammell Laird & Co. (see Fig. 230), actually made 36 knots 
over a four hours’ trial. 


SUBMABINBS AND SUBMBRSIBLES 

During the last fifteen years a new terror has been added to 
naval warfare by the perfection of the submarine. This is a 
vessel which can travel on or below the surface of the water, being 
in the latter case practically invisible from a battleship until 
within a short distance. It is made to sink by the admission of 
water to tanks either within or on the outside of the main 
structure of the hull, and it can be made to dive by the action of 
the propeller and a horizontal rudder. These vessels arc shaped 
like a fish, with pointed ends, and were originally circular in 
section with internal tanks as in Fig. 231. "Wliilc this form was 
admirably adapted for travelling under water, on the surface it 
rolls hea'^y, and is not adapted for operations over a long range. 
The more modem form is also shown in Fig. 231. The tanks are 
placed outside the main hull, giving more room for machinery 
and crews, and can be constructed of thinner material because 
the internal and external water pressures are always balanced. 
Such a vessel is a very fair seaboat and can make long voyages 
on the surface. It is therefore termed a submersMo rather than 
a submarine. 

The extraordinarily rapid growth of this instrument of war 
has been due to the development of the oil-engine and electric 
means of propulsion, and to the invention of the periscope. The 
difficulty of discharging products of combustion when under 
water, and the impossibility of putting out at sliort notice a 
coal fire and of maintaining steam for any longtli of time after- 
wards, obviously placed great obstacles in the way of steam as 
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a means of propulsion. Some of these were overcome towards 
the close of last century in a very ingenious way which was well 
described in the Engineering E&view i for September, 1913. 

The propelling machinery consisted of a triple-expansion 
steam-engine, and a boiler supplied with oil fuel. When about 



to go under water the oil supply was cut off, and a soda boiler, 
indicated at 0 in Pig. 232, was brought into requisition. This 
consisted of an inner vessel containing hot water and an outer 
vessel containing solid caxtstio soda. Steam was taken from the 
ordinary boiler, and the exhaust, instead of being led to the 



condenser as in surface cruising, was led into the soda chamber. 
The soda absorbed the water with a considerable rise of tempera- 
ture. As the pressure in the main boiler fell, the soda boiler 
was brought into service. Then a second soda boiler, C, was 
connected up, and where necessary the low-pressure cylinder was 
put out of action. The soda boilers wore fed from a hot- water 
reservoir shown at B. 

1 A tmiHlation of lui article by G. Bcrliug in the 3913 Ja/irbueh Ucr 
Omlholuift, 
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Several submarines of this type were designed by M. Lauboeuf 
for tbe French Navy towards the close of last century, and were 
fairly successful. But the extra boilers take up a large amount 
of lie limited space available, and the steam-engine is now 
replaced by internal-combustion engines and electrical propul- 
sion for use below water. The main engines charge accumulators 
when the boat is at rest on the surface, and this stored-up energy 
is reserved for driving electric motors connected with the pro- 
peller-shafts when the vessel is submerged. 

At first petrol engines were employed, and they added to the 
ordinary risks which were incurred by the daring seamen who 
volunteered for service in such frail craft. Petrol is easily 
vaporised, and the accumulation of such inflammable vapour 
in an enclosed space was liable to give rise to a disastrous explo- 
sion. But the Diesel or heavy-oil-engine (Chapter IV) has 
removed this risk, for the fuel gives off no vapour, and is, in fact, 
so difi&cult to ignite that a lighted match may be thrown into it 
with impunity. 

The periscope is a long tube (generally there are two) passing 
from the interior of the vessel straight upwards, t'tironty or more 
feet above the deck, just in front of the conning tower (see 
Fig. 233). The tube is fitted with lenses, and inclined mirrors 
are placed above and below so that an imago of an external 
object is reflected down the tube and into the object-glass of a 
telescope at the lower end. The tube can be rotated so that the 
upper mirror may point to any part of the horizon, and a 
graduated scale at the lower end eixables the observer to note the 
bearing of any object within the range of vision. 

The thin tube of the periscope is not easily seen from a distance, 
and enables the commander of the submarine to keep his enemy 
in view all the time. No light will penetrate more than 30 or 
40 feet through water, and before the periscope was mvented 
the submerged vessel was out off from the outside world, and 
had to grope its way blindly in search of the vessel it aimed to 
destroy. For into the interior of the steel shell the earth’s 
magnetism cannot penetrate, and the magnetic compass, so 
safe and reliable above water, is useless when shielded from those 
forces which govern its direction under ordinary conditions. 

The offensive weapon of the submaruic is the torpedo, and 
until quite recently the idea of equipping it with a gun was not 
considered. The more recent types, however, have a gim 
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mounted on a disappearing platform, so that it can be withdrawn 
into the interior of the vessel before submergence. In a few 
cases a gun has been mounted permanently on deck. 

By the courtesy of the Vice-President of the Electric Boat 
Company of Groton, Connecticut, the author is able to illustrate 
in some detail the appearance and construction of the “ Holland” 
type of submarine boat, which has been largely, though not 
exclusively, adopted by the more important navies of the world. 

Fig. 233 gives a general view of the United States submarine 
Salmon, constructed in 1909. The reader will note the cutting 
stem which gives greater surface speed and seaworthiness at a 
slight expense of submerged speed. The conning tower, from 
which the vessel is navigated on the surface, is seen in the middle 
of the boat, and the two periscopes in front of it. The banded 
posts fore and aft enable the commander to keep the vessel in 
trim (i.e. on a horizontal keel) when the tanks are being filled 
for submergence. Fig. 234 shows a submarine trimmed for 
submergence, and Fig. 235 shows the same vessel in the act of 
diving. 

The telescope and lower end of one of the periscopes are 
illustrated in lig. 236. The wheel at the lower end of the tube 
enables it to bo rotated, and the whole horizon to be swept by the 
inclined mirror at the top. Just above the telescopes will be 
seen the graduated scale which enables the bearing of an object 
to be determined. The ladder behind leads into the conning 
tower. 

Some idea of the limited space will be gained from Fig. 237, 
which is a picture of the engine-room, looMng towards the bow. 
In the foreground arc the dynamos for charging the accumulators, 
and electric motors for driving xmderwater. Behind these 
are the oil-engines, pumps for emptying the tanks, air-com- 
pressors for discharging the torpedoes, and other necessary 
apparatus. The boat is, of course, electrically lighted and must 
therefore carry its own machinery for this purpose. The maze 
of levers, wheels, pipes, and electric cables wiU indicate the 
complexity of the equipment, and must excite astonishment at 
the amount which has boon introduced into so small a space. 

The engine-room is situated aft of the coiming tower. Im- 
mediately below the latter is the operating chamber containing 
the steering-gear, periscope observation telescopes, and other 
apparatus for navigating the vessel below the surface. The 
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next compartment contains the men’s quarters with the accumu- 
lators situated along either side. The bow chamber contains the 
torpedoes and the tubes for discharging them, and quarters 
for the officers. The boat carries eight torpedoes and four 
tubes, and a view of the ends of the latter is given in Fig. 238. 
The four wheels which form the corners of a rectangle are on 
the end covers of the tubes, which discharge through one opening 
in the bow. 

The first “ Holland ” boat was built in the late ’nineties, and 
the following table, though incomplete, will give some idea of 
the increase in size, speed, and radius of action since that time. 

Oricmal P«'rfoctwl Incvoafio Special IncTcafio 

Holland. Holland. *!'. Deaipn, Tn* 

Submerged displacement 73 tons .520 tons 613 950 tons 1200 

Surface ,, . — 390 tons — 650 tons — 

Lengtii over all . . 53 ft. 150 ft. 183 212 ft. 300 

Speed, surface . . 6 knots 14 i knots 142 17 knots 183 

„ submerged , , 5 knots 10^ knots 110 11 knots 120 

Radius, surface . . — 4500 uaut. miles — 5000 naut. miles — 

,, submerged . — 120 naut. miles — 140 naut. miles — 

The boats of the Salmon class, built in 1909-10, wore of 
272 and 337 tons surface displacement, and in 1911 throe of 
them travelled from Newport to Gloucester, U.S.A., a distance of 
150 miles, entirely submerged except when passing through the 
shallow waters of the Nantucket Shoals. Two days wore required 
for the journey, and the boats were quite self-sustaining, charging 
their own batteries at night. The Salmon itsnl f , before acceptance 
by the U.S. Government, made a run, completely self-supporting, 
from Boston to Bermuda and back, a distance of 1500 miles, 
during which extremely rough weather was encountered and the 
seaworthiness tested in a very effective way. 

The special type, of which some particulars are given in the 
table, is 21 feet wide and draws 12 feet of water. She has ac- 
commodation for three officers and twenty-four men, and carries 
provisions for thirty days. There are eight torpedo tubes. A 
still more powerful boat of this class has been built, having a 
displacement of 1200 tons, and a surface speed of 20 knots.’’ 

In all these vessels special means are taken to maintain a piu‘o 
atmosphere. Caustic potash or soda is used to absorb carbon 
dioxide, and cylinders of compressed air or oxygen are kept to 
renew the air as it becomes vitiated. It is usual to employ white 
mice as indicators (see page 21). 

^ This is the size aud speed of tbe now F class of tbo British Navy. 
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The power and speed of these naval anxiliaries show no sign 
of decreasing ; rather is there every indication of larger vessels 
being built as the oil-engine is improved and larger sizes are 
constructed. The tiny, flimsy thing of fifteen years ago has 
developed into a powerful monster with three times the speed 
and equipped with a torpedo that can be fired with deadly 
acciu'acy at an enemy five or six miles away. 

GUNS AND GUNNERY 

While the manufacturer of armour plate is continually trying 
to produce a slab of material that will resist penetration by 
modern projectiles, the ordnance manufacturer is continually 
trying to produce a gun that will bore a hole through any pro- 
tection with which a ship is provided. And at present the 
latter is on top. The past dozen years has witnessed as great an 
improvement in the power and range of big guns as was efliected 
by the change from smooth-bore to rifled cannon in the middle 
of last century ; and the 13-5-inch gun used on battleships 
and battle-cruisera will penetrate any armour — ^provided it 
does not strike too obliquely — ^which has yet been made, at the 
extreme distance of vision. This, from a point 30 feet above the 
surface of the water, is about 11,800 yards. 

We are enabled by the courtesy of the Coventry Ordnance 
Company to illustrate the guns used on some of the most recent 
British warships in Figs. 239 and 240. A gun is described by 
figures giving the diameter of the bore in inches or millimetres, 
or the ccM>re, and the number of times the calibre is contained 
in the length. Thus the large gun shown in Fig. 239 has an 
internal boro of 13-5 inches and is 45 calibres long. Its over-all 
length is C30 inches or 52| feet, and its weight is 76^ tons. The 
charge is 290 lbs. of cordite, and the projectile weighs 1250 lbs. 
It loaves the muzzle with a velocity of 2C00 feet a second and a 
store of energy amounting to 58,590 foot-tons (see below). The 
shell would be driven through 49 inches of wrought-iron plate 
at the muzzle and 18-3 inches of hard steel at a distance of 3000 
yards. 

The illustration shows the gun unmounted and with the breech- 
block removed. A close inspection will indicate how the block 
is closed. The opening at the breech has a screw thread cut in 
it, and this thread is wholly removed in alternate segments. 
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The thread on. the breech-block is similarly removed so that it 
can be pushed into the opeuing when the projections on the one 
are opposite to the recesses in the other. A small angular turn 
of the block then causes the threads to engage. The joint is 
kept tight during the explosion by a ring of special material at 
the inner end of the screwed breech. This, pressed against the 
joints by the explosion, prevents any escape of gases at the 
breech of the gun. 

The usual practice is to mount the guns on revolving turrets, 
or turn-tables, inside an armoured chamber called a barbette. 
The turret enables the gun to be slung round through a wide 
angle, and the barbette afEords protection to the men who charge 
and aim them. 

Immediately below the turret are tubular lifts or hoists passing 
down into the magazine, through which the cordite and projec- 
tiles are sent to the guns. These hoists and all movements of 
the guns are operated by hydraulic machinery. The shell and 
charge are pushed into position by a chain — ^to which reference 
was made in Chapter VII — ^whioh will bend only in one direction. 
'When not in use this chain lies coiled on a drum below the breech. 

The gun is mounted on a slide and the movement of recoil is 
checked by hydraulic action. For this purpose two pistons 
attached to the gun are fitted in cylinders containing water. 
'When the gun is forced back by the (hscharge, the water escapes 
through small openings into two other empty chambers, and the 
force required brings the gun to rest. In this way the application 
of shock to the main mounting and the vessel is prevented.^ 

The 4-inch quiokfixing gun shown in Fig. 240 is made in two 
lengths, of 40 and 50 calibre, and particulars of the two types 
will be found interesting. 


Length of gun 
Weight „ 

„ of charge 

,, of projectile 

Muzzle velocity 
Muzzle energy 
Penetration of wrought \ 
iron at muzzle / 


40 calibi'e 
13*9 foot 

1 ton 6 cwt. 3 qrs. 16 Ibw 
5*25 lbs. , , 

31 lbs. . 

2300 foot per sec. . 

1137 foot-tons 

10*8 inches . 


50 calibre 
17*3 feet 
2 tons 2 cwt. 
11*2511)9, 

31 lbs. 

3000 feet per see. 
1934 foot- tons 

10 inches 


The destructive effect of a gun depends upon the energy of 

^ A similar aiTangement is to be seen in the large Rtop-bulTerH at railway 
termini. 
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tlie projectile, and this depends upon the weight and the velocity. 
For the energy of any moving body is given by the formula 

mv“ 

where m is the mass, v is the velocity, and g is the efEect of 
gravity (=32*2). The velocity is always expressed in feet per 
second, and the mass in pounds or tons. If the former unit is 
employed the energy is given in foot-pounds ; with a ton as 
the unit of weight, the energy is measured in foot-tons. 

It will be clear, then, that the energy of a projectile can be 
obtained by increasing its weight or its velocity. There is a 
certain limit to the length of a shell for a given diameter, so that 
the only way of increasing the weight is to increase the bore of 
the gun, and this is the tendency at the present time. Fourteen- 
inch guns are made, and the manufacturers are prepared to 
supply guns of 1.6 and 16 inches. In fact, battleships are already 
being fitted with guns of 15-inchcs calibre. 

An increase of diameter has the advantage that a greater 
muzzle energy can be obtained with a lower velocity, and t h is 
increases the gun’s life. High velocities mean high pressures and 
high temperatures, and hot gases exercise a scouring elect on the 
barrel which wears out the rifling. The maximum number of 
rounds that can be fired from a big gun is about 200, and having 
regard to the extremely small time required for each shell to 
pass through, the actual working life is only a small fraction of 
a second. 

Side by side with the improvements in guns has been a great 
increase in the accuracy with which they can be used. Fart of 
this increase is due to gun practice, and part to improved instru- 
ments for determining the range. Dealing with the first matter, 
for information upon which the writer is mainly indebted to 
the Naval Anmal, it may be remarked that until 1884 the target 
was invariably a floating cask with a flag attached to it. In that 
year the cask was replaced by a 40-foot raft with 3 masts sup- 
porting a sail 20 feet by 17 feet. The maximum distance was 
1600 yards. 

In 1900 Sir Percy Scott, in command on the China Station, 
instituted a system of points and issued reports upon the com- 
petition. About the same time Sir John Fisher commenced long- 
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range firing practice in the Mediterranean. His target had five 
masts and a sail area of 90 feet by 30 feet. While this remained 
in nse, until 1904, it had the disadvantage that the destruction 
of two masts practically destroyed the target. To avoid this 
Sir Percy Scott devised a target with 40 masts and a sail area 
of 96 feet by 30 feet. This was practically indestructible. It 
was anchored, and fired at from a range of 6000 yards. 

The improvements which were effected by tlioso two officers 
— aided, of course, by the improvements in guns and the 
mechanical, optical, and electrical devices for securing accuracy — 
are illustrated in a remarkable way by the subjoined table, 
which gives the percentage of hits to rounds over a period of 
eight years : — 


1900 32 % 

1905 32 % 

1906 71 % 

1907 79 % 


After this date the percentage of hits fell, because the target 
was reduced in size and towed. Still, to bo able to hit even a 
fixed target 96 feet long and 30 feet high at a distance of 6000 
yards seventy-nine times out of every hundred is a veritable 
triumph of precision at which we may well marvel. Nevertheless, 
the contemplation of the thousands of pounds blown to smoke 
merely to acquire destructive dexterity strikes one aghast at 
the cost of national protection in times of peace. 

But practice alone would not have achieved sxich a result, 
and not a year passes without some improvement in the control 
of the guns and of instruments for finding the range. Of the 
many devices employed, perhaps the range-finder is the most 
important, and it wiU be profitable to devote a page or two to 
the principles which underlie the instrument. 

A mechanical means of ascertaining the distance of an enemy 
only became important when guns became capable of more 
than point-blank range. A gun can bo directed horizontally 
easily enou^, but if it has to lie elevated in order that the shot 
may carry so far as the target, then the distance must bo known 
in order that the shot noay not fall short or fly over the object 
at which it is aimed. Now if two telescopes some distance 
apart are directed towards an object, such as one of the heavenly 
bodies, an infinite distance away, the axes of the two telescopes 
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will be parallel, Pig. 241. But if they be directed to a less remote 
object on the earth’s surface, then their directions will be 
inclined to one another as shown by the dotted lines. The 
nearer the object, the greater will be the angle through which 
one of the telescopes has to be turned relatively to the other 
before the two axes are simultaneously directed towards the 
object. 

The distance between the two telescopes is called the base, and 
it will be clear that the greater the base length, the greater will 
be the angle between the axes of the two telescopes when they 
are simultaneously directed upon an object at a given distance, 
and the more easily can this angle be measured with the requisite 
degree of accuracy. 

The original plan in land operations was for two observers, 



Fig. 241. DiAuiiAM TO Explain Principle op Banoe-findbr. 


stationed at some distance apart, to measure the angles between 
the line joining the observer’s instruments and the directions 
to the distant object. A simple calculation gave the range, or in 
other cases, one of the instruments set out a constant angle, 
say 90®, and the other was graduated to show the distance in 
yards or other units. On board ship ranges were sometimes 
taken by the depression method. An officer climbed to a high 
station on the mast, and with his sextant measured the angle 
between the horizon and the water-line of the object on which 
the guns were to be directed. Knowing approximately the height 
of his station above the water surface, the distance could be 
calculated. 

Optical range-finders based on the principle shown in Pig. 241, 
requiring only one observer, have now for many years been almost 
exclusively used for determining ranges at sea. Pig. 242 (for 
z 
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which, and those that follow, the author is indebted to the 
courtesy of Messrs. Barr & Stroud, the well-known inventors 
and manufacturers of these instruments) shows in diagrammatic 
form a simple type. The rays of light feom a distant object enter 
the ends of the tube and are reflected into the object-glasses of 
the instrument. The images thus formed are then reflected into 
a common eye piece. The central reflecting system is so con- 
structed as to send only the upper part of the image from one of 
the telescopes, say the left-hand one, and the lower part of the 
image from the other telescope into the eye piece. These two 
partial images may not be coincident, and optical or mechanical 
devices are used to bring the two images into exact alignment. 
The appearance will be clear from Fig. 243, in which the upper 
and lower portions of the mast of a vessel are seen out of align- 
ment. The displacement of the measuring device from the 
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position it would occupy in the case of an infinitely distant 
object depends upon the distance of the object viewed, and the 
amount of movement which has to be given to the device is a 
measure of the angle between the two entering boanu, and 
therefore a measure of the distance. A scale, moved in accordaixco 
with the motion of the measuring device, is graduated to read 
off the distance directly in yards or other units. 

The accuracy of such an instrument depends, other things 
being equal, upon the length of the base, and the magnification 
of the images, but it also depends largely upon the moans adopted 
to show any want of true alignment between the two partial 
images. The modem forms of range-finder for naval purposes, 
made by Messrs. Barr & Stroud, have bases ranging from 
say 3 feet to 30 feet or more. One of these on a naval mounting 
is shown in Fig. 244, The uncertainty of observation with these 
instruments is extremely small ; thus with a base of 9 feet, a 
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range of 8000 yards is given to within 50 yards, and generally the 
range is given within from one-tenth to one-twentieth per cent 
from 1000 yards. 

At the time of the Russo-Japanese War in 1904r-6 the range- 
finders in use had a base of 4 feet 6 inches for the most part, and 
were accurate to within 3 or 4 yards at a range of 1000 yards. 
One of the latest fomas, to which reference is made in the Naval 
Anwml of 1913, has a base length of 33 feet, and will measure a 
distance of 10,000 yards with an uncertainty of observation of 
only about 20 yards. 

The range-finders on a ship are placed in various positions. 
Frequently one is placed on a roofed platform fixed on the fore- 
mast. The larger range-finders, for service with the big guns, 
are now usually placed inside the gun turrets with the ends 
protruding through holes in the armoured protection. The 
range-taker is provided with a comfortable seat, and the eye piece 
and the telescope are in many oases directed downwards at a 
comfortable angle, so that there is no muscular strain to tire the 
observer. The range, when taken, is passed either by word or 
by means of electrical communicating instruments to the sight- 
setter. The gunners obey instructions communicated by loud- 
speaking naval telephones, or fire-control instruments, from the 
conning tower, the fire-control room, or a fire control platform 
on the mast. Above the upper conning tower there is sometimes 
provided a spotting station, which is occupied by an ofiB.cer 
charged with the duty of observing whether the shot falls over 
or under the correct range, and indicating the results of his obser- 
vation to the officer in charge of the control of fire. This has be- 
come increasingly necessary with the great range of modem guns. 

Formerly officers in charge of the fixing had no means of 
estimating the rate and direction of motion of the opposmg ship, 
which is an important elemcnt^in the control of fire, as the range 
may vary materially between the time that a range is taken 
and the time the shell reaches its destination. Instruments are 
now used which give an approximate measure of the rate of 
change, but considerations of space prevent them being described 
here. 

The fortunate infrequency of naval wars limits information as 
to the effectiveness of modern guns and armour, but some experi- 
ments carried out in the United States in 1911 are of interest.^ 


^ The Naml Amirnl, 
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Their object was not so much to test the effectiveness of the 
artillery as to give practice to officers acting as “ spotters.” 
The old battleship Team, re-named the San Marcos, was moored 
in Chesapeake Bay, and twenty volleys were fired from 8-inch and 
12-inch guns at a range of 5 to 7^ miles. Each volley employed 
four 8-inch and four 12-inoh guns. The firing was continued 
two days later. At the close the San Marcos lay deep in the mud 
with water half-way between the gun and boat decks. One mast 
was cut clean through half-way between the deck and the fighting- 
top, and the other was riddled. The coraiing tower was de- 
molished on the second day, and aU the fire-control and other 
fittings were turned into a twisted mass of steel. There were 
large rents in the armour, holes from 4 feet to C feet diameter 
being torn clean through from side to side, and there was 
a raging fiiu amidships caused by an explosive shell. It 
is reported that if destruction had been the main object 
the ^mage done in two days could have been cff(‘ctod in 
15 minutes, and the vessel would have been a total loss 
after the first two volleys. 

PROJECTTLRR AND AUMOTTR PL.ATR 

Attention has already been drawn to the extraordinary posi- 
tion of the steel manufacturer, who divides his time between 
manufacturing armour plate that will resist x>onotration, and 
making shells that will penetrate it. For more than fifty years 
this competition has been going on, the armour plate now stealing 
a march upon its adversary, and the latter rapidly regaining 
ground. In the days before steel, the cast-iron shot then in 
use was not very effective against the wrought-iron protection 
in which the naval architect encased his work. But the chilled 
cast iron of Colonel Pallisor, who obtained a tremendously hard 
projectile by casting in a metal mould, penetrated wrought iron 
with ease, and the wrought-iron plate had to bo faced with one 
of steel. 

But the disadvantage of this plan was that under the shock 
of impact the two layers tended to part company, and the search 
for a suitable material began again. Wnhat was required was a 
plate sufficiently hard on the face to resist penetration, and yet 
not so brittle that it would be shattered when struck. The 
solution was found in Harvey’s process of face-hardening a 
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steel plate, and the first anuoux of this character was raade by 
Messrs. Vickers, Ltd., twenty-five years ago. 

The material -used is a nickel steel containing generally 
chromium and manganese. These three elements confer tough- 
ness, and a high carbon steel which, in their absence, would crack, 
is far less liable to do so when one or more are present. The metal 
selected is a mild steel made by the open-hearth process. It is cast 
in a large ingot mould, re-heated and pressed into a slab under an 
8000 or 10,000-ton hydraulic press. A pair of plates is placed on 
a truck with powdered charcoal between them, and heated 
for about fourteen days in a large furnace fired with gas. In 
this way the two surfaces in contact with charcoal take up 
carbon and become harder than the rest of the plates. They 
are then bent and machined to shape, and the surfaces are 
hardened by re-heating to a suitable temperature and then 
cooling by a jet of water under pressure, in the case of a 14-inch 
plate no less than three hours are required for this purpose. 
The result is a hard surface-layer of 1 or 1| inches, with a softer, 
more yielding backing. 

In the Krupp process the plates are hardened by heating in 
the presence of hydrocarbon gases ; but the temperature is 
difierent on the front and the Wk of the plates. This differ- 
ential heating is the essential feature of the process. 

More recently Hadheld’s manganese steel has been used for 
armour plates, etc. It has the advantage that it can be oast 
directly into the shape required. 

To come now to the shell. Chilled cast iron was found to 
chip on meeting a hard surface, and gave place to wrought steel 
containing chromium, nickel, and often manganese. This is 
hardened differentially, the hipest temper bemg given to 
the point. Shells made in this way are capable of penetrating 
any armour within range though they may split into a dozen 
pieces in the process. But if they str^e at an acute angle they 
may glance off harmlessly. 

During the last few years the effectiveness of a shell st riking 
at an acute angle has been enormously mcreased by the pro- 
vision of a cap. This consists of a softer metal button over the 
hardened point. It appears that this soft cap is crushed at the 
moment of impact, and “holds” the shell on to the plate 
sufficiently long for its point to penetrate the surface. 
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THE TWBNTIBTH-OENTUBy TOSPBEC 

Naval warfare employs no more terrible weapon than the 
torpedo, and thon^ it has hitherto been regarded as suitable 
for use only at close quarters, recent improvements have made 
it a formidable rival to the biggest guns. An admirable account 
of the chief types existing up to the early ’nineties was given in 
the earlier volume, but before describing the improvements it 
may be well to recapitulate the chief feattircs of constructiion. 

The Whitehead Torpedo consists of a metal fish-shaped body 
which in the largest size is about 21 feet long and 21 inches in 
its greatest diameter. It is divided into compartments of which 
the foremost contains 330 lbs. of material to bo exploded when 
the nose of the torpedo comes into contact with an object. An 
ingenious method is employed to prevent the firing plug at the 
nose being driven in during loading. This is screwed, and a nut 
prevents it from reaching the fulminate which ignites the charge. 
The nut has wings shap^ like the blades of a propeller, and in 
the passage of the torpedo through the water the nut rotates, 
screws itself ofE, and falls to the bottom of the sea. Other com- 
partments contain compressed air for operating the engine, a 
device for controlling the horizontal and vortical fins which 
enable the torpedo to maintain its course, and ballast to keep 
it in trim. Eig. 245 shows the propellers and rudders, and Eig. 
246 a section through the engino compartment. 

The engines, which are of the Brotherhood t 3 rpo, have four 
cylinders instead of three, as formerly, and develop from 35 to 
40 horse-power. They drive two thrce-bladcd propellers, one of 
which is mounted on a tube enclosing the shaft of the other. 
These revolve in opposite dimetions in order to counteract the 
tendency of rotation in one direction to influence' the path 
pursued by the toipedo. 

The tubes from which the weapon is fired are now made below 
the water-line in battlediips, so that all torpedoes arc discharged 
from submerged tubes. The growth in size has rendered it more 
difificult to provide for loading, and Eig. 247 illustrates a torpedo 
tube that can be loaded from the side, which has recently been 
introduced by Messrs. Armstrong, "Whitworth & Company 
The torpedoes are expelled by compressed air, and in order to 
prevent deviation when they enter the water owing to the motion 
of the ship, a set of guides is pushed out of the porthole in front 
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of the torpedo, which slides along them until it is clear. It 
should be noted that Lho air passes to the engine through a 
valve which gives time for the discharge to be complete before 
the propellers begin to rotate. Once clear of the vessel— warship, 
destroyer, or submarine — ^the torpedo becomes self-steering by 
means of two gyrostats which control the rudders. 

A gyrostat is so familiar as a mechanical toy that most readers 
will probably be familiar with it. Nevertheless, it illustrates one 
of the most far-reaching and important principles of mechanical 
science. If a cyclist is travelling slowly, he finds it more difficult 
to keep his balance than if he moves quickly, and his motion 
gives him and his machine a stability which they do not possess 
at low speeds. Similarly, if a wheel is in a ring mounted so that 
its bearings are not fixed, and is spun round rapidly, it will 
be found to resent any movement which tends to alter its plane 
of rotation. For example, if it is set rotating with its axis east 
and west, quite a considerable force will have to be exerted to 
turn it into a north and south direction.^ Suppose now such a 
wheel is fixed in the body of the torpedo so that its axis is 
horizontal, and connected by rods with the axis of the vertical 
rudder. Any divergence from a straij^t path will be made in- 
dependently of the gyroscope, which will swing round in its 
bearings and so move the rods that the rudder is deflected until 
the torpedo resumes its original direction. In this way the 
slightest tendency to depart from the direction of the vessel at 
which it is aimed will be corrected with a rapidity and 
accuracy that is superhuman in its perfection. In a similar 
manner any tendency to dive or come to the surface is 
prevented by a second gyroscope which controls the hori- 
zontal fins. 

Within the last few years the Whitehead Torpedo has had a 
rival in the IJliss-Leavet, an American form, which has several 
novel features. The power and range of action is enormously 
increased by the use of a superheater. When the torpedo is 
discharged a flame is ignited and this enables not merely com- 
pressed air, but compressed and heated air, to be supplied. 
The engine is a Curtiss turbine, having two discs 11 inches 
in diameter which make 1200 revolutions per minute, and 

^ A fuller clcflcription appears on ]>. 345. It should l»e noted Lore, liowevcr, 
that ihouj^h motion aloii" any path produces stability, it is only rotation that 
produces gyro 9 tatic stability. 
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develop no less than 110 horse-power. The flame continues to 
heat the air during the whole run. 

Horizontal steering is effected by a very ingenious plan. In 
one of the compartments near the under side is fixed a plane 
upon which the water, entering through holes in the casing, can 
press. The plane is held down by springs, and if the torpedo 
rises too near the surface the pressure decreases and the springs 
become operative. In case of diving, the reverse action takes 
place. The torpedo, therefore, is adjusted for a given depth 
below the surface (usually about 16 feet) and it maintains that 
depth throughout the whole of its journey. 

Competition has led to further improvements in the Whitehead 
Torpedo. It is now fitted with a heater, burning liquid fuel, 
and raising the temperature of the air on its way to the engine. 
The additional equipment weighs only 12 lbs. and occupies 
3 inches of the length. It is claimed that the range is 12,000 
yards and the initial speed 48 knots. If such a torpedo, charged 
with 330 lbs. of explosive, strikes a warship it will tear a hole 
20 square yards in area in the bottom. Part of this hole will be 
due to the explosion and part to the rush of the r<‘.turning water. 

It appears to be generally admitted that a modern self-pro- 
pelling torpedo will cover 4000 yards at an average speed of 
'35 knots and 10,000 yards at 27 knots. The special f(‘.atiu:os 
and performance of the type used in the British Navy are 
secret, but it has been stated to be in all probability more power- 
ful than any other, and to have an effective range of 7000 yards. 
In the Russo-Japanese war in 1904 the greatest range of the 
torpedoes in use was 1000 yards, and even then they wore stated 
to be inferior to guns. Thus within ton years the range has been 
increased at least sevenfold. 

It has already been pointed out that to meet the increased 
range of these terrible engines of destruction, the secondary 
armament of the modem warship has boon made more powerful. 
But even with more powerful means of defence it ad<ls some- 
thing to the strain of active service to know that a silent, unseen 
projectile delivered by an unseen foe may be sjwcding through 
the water at the rate of more than 40 miles an hour, ancl capable, 
by its impact, of sending two million pounds’ worth of acuontific 
ingenuity and mechanical skill, with its living freight, to the 
bottom of the ocean. 
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THE QyBO-OOMPASS 

For a thousand years the mariner has navigated the ocean by 
the magnetic compass. A small needle or needles attached to 
the under surface of a graduated card have enabled him to plot 
his course from hour to hour and from day to day. When the 
sim and stars were obscured by fog or cloud, the small instru- 
ment in the brass case has enabled him to steer his ship with 
the certainty and confidence that come of long experience. He 
has discovered new lands, brought North and South, Bast and 
West into communication and made the whole world kin. Definite 
ocean highways have been established, and sea voyages are 
carried out with a punctuality that depends upon the navigator 
and his instruments no loss than upon the engineer and the 
powerful forces he controls. 

The use of iron and steel in place of wood for ships conferred 
size and safety, but led to special difficulties of navigation. 
Any mass of iron or steel influences and is influenced by a mag- 
netic needle ; and the onormouK masses of magnetic metal in 
modern ships are liable to exercise an effect upon the direction 
of the compass noodle which entirely overshadows that of the 
earth. Special adjustments are necessary, and the readings have 
to bo chocked from time to time. 

But with the dawn of the now century experiments wore 
undertaken whioh have resulted in an instrument that will 
point a north and south direction quite independently of the 
nature of the material of which the ship is made, and the gyro- 
scope, which has for years been a popular scientific toy and has 
found a single permanent application in the torpedo, seems 
destined to guide the world's shipping with a certainty that the 
frail compass needle under the new conditions could never 
achieve. 

A gyrostat is simply a heavy wheel, the axle of which is 
mounted in a ring (see Fig. 248). When the wheel is set rotating 
at high speed, cither by means of a piece of string or by pressing 
the pulley wheel of a small electromotor against the axle, it 
resists strongly any attempt to twist the wheel so as to alter 
its plane of rotation. Few things are more striking than the 
way in which any attempt to move the frame in any direction 
except one in which the axis remains parallel with itself is 
met by a vicious “ kick ” which, if the wheel is a heavy 
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one rotating at high speed, almost throws the apparatus out 
of one’s hand. 

This kicking propensity of the instrument is really the source 
of its usefulness, and it will be interesting to observe the exact 
effect of the twisting force upon it. If the simple form already 
illustrated is suspended by a string, as in Fig. 248, and pressure 
is applied to one end of the axis by a pencil for example, the 
wheel tends to turn in the direction of the arrow marked on the 
horizontal ring. The wheel and its axle turn in a direction at 
right angles to the force which is applied, and the rotation of 
the axis is known as ^precession. If the pencil is apj)lied to the 
other end of the axis, the rotation is in the opposite diniction. 

These results are more easily observed in Wlieatstonc’s 
Compound Gyrostat, in which the wheel is mounted in two rings 
capable of rotating about axes at right angles t.o oik', another. 
Such an instrument is illustrated in Figs. 249 and 250. force 
is apphed by hanging a small weight to one end of the axis, and 
so long as it remains the precession is continuous, while im- 
mediately it is removed the precession stops. 

If the axis is caused to rotate, then a force is produced at its 
ends, and a ‘‘kick” is produced in a dnertion at right angles to 
that about which the turning takes placid. I'Jiis r<».V(U’He (‘JTe.ct is 
illustrated in Figs. 251 and 262. Gyroscoj)cs or gyrostat-s mounted 
in this way — so that they are capable of rotation about thr<'.o 
axes at right angles — ^are said to have three degrees of freedom. 
If one of the possible rotations is prevented, then the rotating 
wheel will have two degrees of freedom, and it is a gyrostat with 
two degrees of freedom that is suitable for use in iiavigat/iou. 

In order to understand how this result has been acjhieve.d it is 
necessary to recall the pendulum cxpcrimenl.s of the faitious 
French physicist Foucault, conducted about tlie middle of last 
century. He showed that if a pendulum w('je sot vibrating 
and were subject to no disturbing influences, it) would maintain 
its original plane of vibration throughout ; and tliough i.he earth 
might be turning beneath it, the pendulum would still swiiig to 
and fro in the same absolute direction as that in wliioli it was 
started. 

This, in fact, provides one of the most beautiful mctliods of 
proving that the earth itself rotates. Foucault set up a long 
pendulum carrying a small pointer beneath the w<u‘ght or bob* 
This pointer traced a line in sand as the bob passed through the 
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lower part of its path, and as the earth rotated on its axis the 
line in the sand showed more and more deviation from the original 
trace. 

The rotation of a heavy wheel at high speed produces a more 
powerful tendency to maintain the original direction of motion 
than docs the to-and-fro motion of the pendulum bob ; and 
Foucault concluded that any gyrostat with throe degrees of 
freedom would indicate the rotation of the earth in the same 
way. In other words, such a gyrostat would maintain its original 
direction independently of the movement of the body to which 
it was attached. Moreover, he stated that a g 3 T:ostat with only 
two degrees of freedom would, at any place on the earth’s SAirface 
except the two poles, tend to sot itself with its axis of rotation 
parallel to the axis of the earth. For consider the cases presented 
by Fig. 253, in which a gyrostat at A, with its axis horizontal, 
has three degrees of freedom. When, owing to the earth’s 
rotation, the gyrostat has moved ta Ai, having maintained its 
original direction, the axis is not now horizontal, but the black 
end dips downward. If the gyrostat is suspended by a thread as a 
pendulum, or by inojins of a float, in such a way as to keep the 
axis in the horizontal, this cojistraint gives rise to pj'cccssion in the 
direction indicated by the curved arrow 1). The ultimate result is 
to turn the gyrostat so that the axis points true north and south. 

At the time when Foucault arrived at liis eoticlusionsiuecluuiical 
Bcionco and accuracy of workmanship were insufficient to 
enable a practical demonstration to be made. It was not until 
the use of stool for ships, and particularly shijis of war and 
submarines, hail enormously increased the difficulties of compass 
adjustmejit that tlio need became great, and oven then the 
theoretical and practical obstacles ellectively prevented a 
solution. Jlut in 1900 Dr. Anschutz began a series of experi- 
ments which six years later wore crowned with success. , 

Once the initial difficulties were overcome, simpler methods of 
obtaining the results presented themselves, and in 1908 an ex- 
haustive series of trials extending over four weeks was carried 
out on the Gcnnan battloHhi]i DoutscJUaiid. These were so suc- 
cessful that the instrument has now been adopted by practically 
every navy in the world. 

The earlier form, while ordinarily giving good results, was 
liable to error owing to the pitching of the shi}) wlieii on a 
quadrautal course, and a now form was introduced in 1912 
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which is indepeEdent of any kind of motion to which the vessel 
may he subject. It will be desirable to describe both typos, 
because the earlier one is the simpler, and will form a stepping- 
stone to the comprehension of the other. 

First, then, as to the gyrostat itself. The wheel is mounted on 
a long flexible shaft ^ and has rigidly attached to it a small 
squinel-cage rotor the stator of which carries the windings. 
The two constitute a small 3-phase motor, and the whole is 



Fig. 264. Sbution of Qyro-Oompass— 1908 Patteun. 


mounted inside a metal case. The motor riKiuircs J20 volts 
and about 1-1 amperes with 333 alternations per second, and 
drives the wheel at 20,000 revolutions per minute ! Tlie wheel 
and spindle are constructed feoni one solid i)iece of special 
nickel steel, and the stress in the rim produced by such an 
enormous speed amounts to 10 tons per square inch. The 
velocity of a point on the rim is 500 feet per second, or 340 miles 
per hour ! Ball bearings are employed, and 96 per cent of the 
^ See Chapter IV for the reason for Ilexihility. 
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and the glass top G excludes dust and air currents. Of the 
three wires conveying the current, one is attached to tlio casing, 
and the other two are attached to the insulated rod S and tube 
T, the lower ends of which dip into mercuiy cups. Erom thence 
the current is led to the motor. 

The 1912 model is shown in section in Pig. 255. Tlio mercury 
trough is in the centre, and the bell suppoited by the hollow 
floating steel vessel carries three gyrostats about 0 inches in 
diameter at 120® apart. One gyrostat is set with its axis umler 
the north and south line of the card. The appearance of th(\ 
actual instrument is shown in Pigs. 256, 257, and 258. i f iihcse 
are compared with the section previously given a fairly chuir 
notion of the instrument will be obtained. 

A discussion of the theory of the instrument would carry us 
beyond the range of a popular book, and it must suin(!e to say 
that accurate indications are given, and that very few conv.ctions 
are necessary. Moreover, the readings arc transmithul electrically 
to any part of the ship and indicated on dials (Pig. 258^) in the 
upper and lower ooiming towers or in any other place that may be 
desired. It is practically unaffected by the vibrations wJiich nwult 
from the discharge of big guns ; it is uidcpciidcnt of the inat(‘.riul 
of which the ship is made ; and it is uniuflueticod by inagtHstic 
storms. No instrument designed in recent yimrs involv((H grtiuter 
delicacy of craftsmanship in its manufacture, or more nliability 
in the naatorials of its construction. It is dillicult (o Ix'licvi'. that 
within its silent casing there are three wheels making 20, OOP 
revolutions a minute, involving a linear vokxtity only onc-frfth 
of that of a projectile, and creating strcss(w that amount lo 10 tons 
on the square inch. 

Before closing this chapter which has (h^alt so larg<‘ly with 
weapons of destniction, it will not be ina|>propriat(i l.o rcllecl. 
upon the enormous amount of money, and tinu*, and human 
ingenuity which oven ])repurcdne8s for war iiivolv(!s. A writer 
in the Naval Animal for 1913 points out that a itmdeni batt leship 
requires at least two year’s to build and cost s lu'arly £2,000,000. 
It contains 6000 tons of armoru: and 3000 tons of guns. Each 
armour plate, from the forging to the .stage at whicli it. is ready 
to be fitted into i)laco, takes three mont hs, anti th<» twin mount- 
ings of the five barbettes take nearly two years t.o complete. 
Thus in one way or another employment is found for about 





Till-. SAMK SUiqi‘<T ril<)r()(JR.\lMII-.l) ON \N OKniNARV IM.All'. 
(UPIM'Ri \M) A I’ANCIIROM Vl'«' Pl.VII-. (I.OWI-Ki. 

To }an’ fitifii* J5I. 



SOME APPLICATIONS OF PHOTOORAPHY 361 


5000 men. And as the requirements of the British Navy are 
three or four battleships a year, there are 15,000 or 20,000 men 
continually engaged in their construction ; so that when smaller 
craft are also considered no less than 100,000 people are occupied 
in the warlike preparations involved in a single one of the great 
navies of the world. 

Moreover, the rate of production is increasing. According to 
the statement of the First Lord of the Admiralty on the Naval 
Estimates for 1913, the delivery of battleships from the builders 
for the next eighteen months was to be at the rate of one every 
forty-five days. During twelve months one light cruiser was 
to be delivered every thirty days, and dming the first nine 
months a destroyer was to be delivered every week ! And all 
this is not only an increase in numbers, but an increase in power 
and ellectivoness. The increase in radius of action resulting 
from the use of oil fuel is estimated to be 40 per cent. Since 
1909 oil fuel has been introduced into all destroyers, and the 
number built or in course of construction exceeds one hundred. 
All the light-amiomrcd cruisers and five of the now battleshij)s 
are to bo dependent on oil fuel, and twelve oil-tank steamers, 
five of which will carry 200,000 tons — ^tho total amount used in 
the navy in 1912 — ^are under construction. 

If all this brain and sinew, tliis time and material, could be 
devoted to the arts of peace, then surely wo nught look for a 
rate of progress that would seize time by tlio forelock, and lift 
us forward in one bound a century beyond the curtain which 
hides the future from our expectant gaze. Then indeed would 
our dreams become realisations, and we might know and ns'asure 
the value and purpose of our present toil. 


(iJIAPTER XIX 

aOMK APPmOATIONS OK VUOTOCJUAI’ItY 

Pro B ABLY no group of discoveries and inventions is more 
familiar through its methods and results than those which 
enable pictures of the external world to bo rcj)roduced faith- 
fully and in any quantity desired. The work of the professional 
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photographer, the picture post card, the illustrated magazine, 
are found in every home, and the record of well-loved features, 
of happy hours, and the contemplation of beauty of form, of 
light and shade, are available to rich and poor alike. Spare 
half-hours spent in the picture palace open the door to the 
secrets of nature, and annihilate distance by reproduction of 
scenes from every quarter of the globe. Finally, the enormous 
growth of photography as a hobby has made hundreds of thou- 
sands, young and old, acquainted with the methods of taking, 
developing, toning, and fcsing the impressions which rays of 
light make upon the sensitive plate. 

For the last reason, as well as from considerations of space, no 
attempt will be made in this chapter to give instructions for 
taking photographs ; but such space as can be spared will bo 
devoted to a description of some of the newer acihiovoments of 
the science which have, as yet, hardly come witliiu the scope 
of amateur efiort. A brief review of the photographic process 
for the benefit of the uninitiated will be followed by an explana- 
tion of photography in colour, and some applicaiions of Iho 
photography of motion. 

THE PHOToamvpnio process 

When light passing through a lens falls upon a suitably j)Iaoed 
screen, a picture of objects in front of the lens is formed. The 
same effect can be obtained by passing the light through a pin- 
hole in a screen, instead of throu^ a lens. The screen upon 
which the picture falls is of glass, collodion, or paj^er, and is 
covered with a thin film of gelatine containing, in extremely fine 
particles, certain salts of silver. A liquid containing a solid in 
such fine particles that a milky appearance is produced is called 
an emulsion, and the emulsion for photographic plates is ]>re- 
pared by mixing two solutions, containing : 

(o) Gelatine, ammonium bromide, and potassium iodide ; 

(5) Silver nitrate and ammonia. 

A fine precipitate of silver bromide and silver iodide is formed, 
and when the Hquid is poured on a shoot of glass or other material 
and allowed to dry the particles of silver compound are dis- 
tributed evenly over the plate. 

If the two solutions arc mixed in the cold the nwulting plate 
is slow in taking the picture, but still quite fast enough for 
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ordinary snapshot photography. Keeping the first liquid at 
120° P. while the second is added produces a plate very much 
more rapid in action, while if the mixture is kept at 130° F. for 
an hour there is a further marked increase in the speed. The 
time required for the light to impress the plate is so small as 
to be hardly conceivable. In some of the experiments to be 
described later the exposure is not much more than io.oob.6bo 
part of a second ! 

The effect of the light is to decompose the silver bromide and 
iodide at those points upon which it falls. The lighter parts 
of the object photographed reflect the most light, and where the 
image of these falls the greatest amount of decomposition 
occurs. At first the picture is not visible ; it has to be 
‘‘ developed ’’ by immersion in a bath containing one of the 
numerous substances sold for the purpose. It is then fixed by 
immersion in another bath so that light has no fxirther action 
upon it. The picture, however, is a negative — ^the light portions 
of the original are dark in the picture, and vice ven&. To obtain 
a positive, a piece of sensitised paper is placed behind the 
negative and exposed to light, and the impresflion is fixed either 
with or without ^'toning.’" The latter process consists in 
soaking in a bath containing a gold or platinum salt, which 
converts the silver print into one of gold or platinum, 

A photograph obtained on a plate prepared in the way de- 
scribed, represents only approximately the lights and shades of 
the original, because the activity of the rays varies with the 
colour. The plate is affected most readily by blue or violet, 
and a red object cannot be photographed against a black back- 
ground. The plate would be affected to a very little greater 
extent by the red coat of a soldier than by the light coming 
from a black curtain behind him. 

In order to understand not only how this difficulty is avoided 
but also how others which arc dealt with later are overcome, it 
is necessary to consider the nature of colour. Probably all readers 
are aware that if a ray of light falls upon a prism, or wedge- 
shaped piece of glass, it is bent from its original direction, and 
spread out into a band of colour. Red, orange, yellow, green, 
blue, indigo, and violet always appear in this order, the last 
named suffering the greatest deflection (Fig. 259). If the band is 
passed through a similar prism with its wedge in the opi)Ositc 
direction the colours re-combine to form white light. Or, if 
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each colour is received upon a small mirror so mounted that it 
can be t^wisted to reflect the light which falls upon it to the same 
spot, white light is again obtained. 

All the properties of light are explained by supposing it to 
consist of waves or ripples in a medium which exists throughout 
all space and in all mateiial things — a medium which can neither 
be measured, nor weighed, nor detected by any of the senses 
through which a knowledge of the external world is acq^uired. 
A wave of definite wave-length — ^that is, with a definite dis- 
tance from crest to crest — ^produces a narrow lino of colour ; 
and a group of waves whose lengths are nearly equal produces 
a band of colour corresponding to one of those in the spec- 



Fig. ‘250. Dkcomi’owition of Whitk IjIuHT. 

tram. The smallest waves that produce light are those corre- 
sponding to violet, and are no longer than , of a nullimciro 
or of an inch. The rod waves arc alxiut ^ of a milli- 
metre or of an inch in length. 

But though these are the only waves which affect the eye, 
there arc larger and smaller waves at either (aid of the visible 
spectrum. The former have relatively small i)hotogra])hic 
activity, but they cm affect a photographic plate, and by 
interposing a trough containing potassium bichromate and a 
plate of cobalt glass between the lens and the sensitive plate, 
Professor R. W. Wood has succeeded in taking photograihs of 
objects by the infra-rod lij^t which they reflect. Similarly, 
a quartz lens coated with a very thin layer of silver is opaque 
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to ordinary light, but allows ultra-violet waves to pass, and 
permits of a photograph being taken by their aid alone. ^ 

The band of colour which can be detected by the eye corre- 
sponds, in fact, to a short range of waves which belong to a whole 
series ; and bears much the same relation to the whole of the 
radiation from a luminous body that an octave does to the 
whole gamut of a piano. At one end of the series are the short, 
rapid ultra-violet waves whoso length has just been given, 
which produce no visible effect, but which are exceedingly active 
in promoting chemical change. From these the series passes 
throu^ waves of gradually increasing length xmtil in tbc infra- 
red they give rise to aU the phenomena of heat. And beyond 
these are the still longer waves which are used in Wireless 
Telegraphy. 

Now so far as the correct representation of light and shade in 
an ordinary photograph is concerned, the greater activity of 
the blue and violet tints throws the picture out of balance, and 
the problem has been to produce a plate equally sensitive 
throughout the spectrum. This has been achieved by using a 
dye, either in the sensitive emulsion or in a screen which is 
placed between the lens and the plate, which filters the light, 
and delivers each colour only in such quantity that eqiial photo- 
graphic effects arc produced in eqxial times. Such arc ortho- 
chromatic, isochromatic, and panclmomatic plates, which are 
now obtainable from dealers in photographic materials. For 
the ordinary purposes of photography the invention of those 
plates constitutes the most important advance since the intro- 
duction of the dry plate. Fig. 2C0 shows the result of photo- 
graphing the same subject on an ordinary plate (upper), and 
on a panchromatic plate (lower). It will be observed that not 
only do some of the brightly coloured calceolarias appear very 
dark on the former, but tlio geranium is luirdly visible against 
the background, and the stripes on the petals of the cinerarias 
are completely lost. 

pnoToaBApnv op oonouR 

From the very beginnings of the art of Photography attempts 
have been made to seoitre pictures as faithful in their representa- 

^ There are adiiiiraMe exanijilos of both clfectH iu Garrott*s Advitnee of 
Photography ( Kegau Paul). 
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tion of colour as of form and light and shade, and these attempts 
have been crowned only with a limited amount of success. Of 
the half-dozen methods which have been devised, that of 
Professor Gabriel Lippmann stands alone in scientific accuracy. 
In 1891 he showed that if a sensitive plate formed one side of 
a trough with the gelatine surface inwards, and the trough 
contained mercury or quicksilver, a photograph of the spectrum 
and of coloured objects could be obtained. In order to under- 
stand how this is eflected, it is necessary to consider how the 
tiny light waves act when they fall upon a reflecting surface. 

If a rope is attached at one end to a wall, and the other end is 
held in the hand, a quick up-and-down movement will send a 
pulse or ripple along the rope, and when this ripple reaches the 
other end it will be reflected. If the pulses arc repeated at 
proper intervals the direct waves will coincide exactly with the 



reflected waves as in Eig. 2G1. At equal intervals portions of 
the rope will be still, and between these there will be portions 
in violent movement. Just in the same way Iho waves of light 
will form within the film layers of rest and of violent movement 
alternately, and the latter will be active in causing decomposition 
of the silver salt. There will thus bo fonned altoniato layers 
of decomposed and undecomposed silver compound, and the 
distance apart of the layers will depend upon the wave-length of 
the li^t which formed them. Eor red they will be farther 
apart, for blue they will bo closer together, and for green they 
will be at intermediate distances. If after fixing, white light 
falls upon the plates it is analysed by the successive layers in 
each part of a picture, and only those waves whoso lengths coin- 
cide with the distance between the layers can escape from the 
film. All others are suppressed. 

The evidence upon which this explanation is based is as 
interesting as the achievement itself. If the fihn bo warmed by 
breathing upon it, it expands, and the distances between sue- 
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cessive layers are increased. The waves composing white li^t 
are now sorted out differently; those corresponding to the 
original colours are suppressed, and the colours in the picture 
change. Mr. E. Senior and others have cut thin sections of the 
film and examined them under the microscope. But though 
evidence of layers was obtained in this way the power of the 
microscope was insufficient properly to separate them. A more 
effective proof was obtained by Professor S. E. Cajal of Madrid, 
who caused the gelatine sections to swell by placing them in 
water, and then photographed them under the microscope. 

A well-known writer has said that you can fool some of the 
people all the time, you can fool all the people some time, but 
you can’t fool all the people all the time ; and tliis well describes 
the advantages and disadvantages of Lippmann's method of 
colour photography. The spectrum and some objects can 
always be photographed, but tor many purposes the method is, 
unfortunately, unreliable. 

All other processes are based on the Young-ilelmholtz theory 
of colour vision, according to which the human eye is sensitive 
to only three fundamental coloiu-s — ^red, green, and bhie. Every 
tint that can bo recognised is composed of one of these or of a 
mixture of two or all three of them ; and all three in certain 
proportions produce white light. It is therefore necessary to 
photograph only the red, green, and blue portions of a coloured 
object in order to seemee a picture which represents the original 
colours so far as they can be detected by the unaided eye. 
Unfortunately, the only methods wliich have been devised 
involve the use of dyes and coloured glasses, and the difficulty 
of securing always the same tint renders it impossible to obtain 
more than a close approximation. 

In 1892 Frederick Ives of Philadelphia adopted the plan of 
taking three photographs through red, green, and blue glass 
screens respectively, and in 1893 he patented two pieces of 
apparatus for viewing the pictui’os so formed. In one of them, 
the pictures, placed side by side in a lantern with a triple front, 
wore projected on a screen, and by means of a lover, were caused 
to fall on the same disc. This superposition of tlie red, green, 
and blue portions of the photograph gave a beautiful picture 
quite near enough to the actual tints to satisfy any but the most 
captious critic. The only defect in the particular instrument 
used by the writer some fifteen years ago was an objectionable 
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fringe of colour to the white portions ; but this was only notice- 
able at close quarters, and was probably duo to the fact that 
the three discs did not exactly register on the screen. 

Each of the screens used in taking the photographs transmits a 
broad band of colour, so that the variety of colour in the object 
shall all be utilised as far as possible on the sensitive plate. 
But for throwing the picture on the screen advantiige is taken 
of lack of sensitiveness of the eye, and each screen transmits 
only a narrow band. 

imothcr process was invented by Mr. Sanger Shejiherd about 
the same time. Three photographs were taken in the same way, 
through screens of appropriate colour, and ihcu sUiiiu'd with 
dyes. The three plates were then boimd togctJier in tJic form of 
a lantern shde, which could either bo used in the lantern or 
viewed by being hold up to the lij^t. 

While Ives and Sanger Shepherd 'wore oxperim(‘.ntii»g with 
methods involving throe photographs, rrofeaaor Joly of Dublin 
was engaged upon a plan which required only one. llis screen 
was covered with a very largo number — 350 to the inch— of red, 
green, and blue linos ruled in dyes on a glass plat.((. Each line 
had to be in contact with the one on either side of it ami there 
had to be no overlapping. The photograph was taken and 
viewed through the same screen. The lines were so narrow that 
they could only bo detected by close insjiecfcion. At a little 
distance they merged into one another and individual colours 
wore lost. 

Suppose a red button was being photograj)he.d. The light 
from the button falling on the sensitive plate, w'ould only reach 
it through the rod linos. If tlio imago of the button on tlie plate 
was an inch in diameter it would be crossed by muirly 130 red, 
120 green, and 120 blue lines, so that the photograph wouki 
really bo in rod linos about of an iticli aj)att. On viewing 
the fixed plate through the screen, the photograph it«e,lf cuts 
off the green and blue, and allows only the rod liglit t.o pass. 
The process was given up in 1898 because, of the. difficulty of 
securing a sufficient number of liiu'-s to the inch. 

Within the last few years a se,r(«ai of this kind wil.h OtH) lines 
to the inch has been constructed by Mr. T. 11. ?owri<^ and 
Miss Eloroncc Warner of Chicago, and it is known <«mi- 
mcrcially as the Elorence ])latK'-. The imtthod is oxtrenudy 
ingenious. Linos about of an inch wide arc ruled in 



SOME APPLICATIONS OP PHOTOGRAPHY 369 


black ink on a glass plate, with spaces of aji inch in 
width. A plate covered with a film of goiatino containing 
bichromate of potash is exposed under this screen, and where the 
light falls through the spaces the gelatine is rendered insoluble 
in warm water. The plate is then washed, fixed, and dipin'd in 
green dye, which is absorbed l>y the fine gelatine lino which re- 
mains. Another film of bichroniatcd gelatine is run over the plate, 
and a second exposure made with the black lino on the screen 
covering the green line. Tliis kiaves a narrow line of the ni'W 
gelatine exposed. The plate is treated in the sanuj way as before, 
but with a red dye. There are now green, red, and colourless 
lines on the plate. A fresli film of gelatine is run on, a further 
exposure made with the black lines coveting the green and rod 
lines. The third lino is now stained blue, and a Joly screen is 
produced with lijics only about half as wide. 

The proco.ss which is most widely used at the present time is 
that patented by Luini&re et Cie.,and isknownasllieautochromo 
process. Three quajitities of standi arc staiiuul with red, green, 
and blue respectively, and then intimately mixed so that the 
colour of the mass is neutral. But if a fi‘.w of ihe minute grains 
of which the starch is composed wiw cxamiiu'd under tlui 
microscope, they would bo found to be transparent globes of 
rod, green, or blue according to the original batch from whwh 
each liad coirn*. The dry grains are. dusted over iln* plate in a 
single layer and pressed, or else tlie spaces are filled in with 
a line black powder. The layer is secured by a waU'rpriHif 
varnish, and the sensitive emulsion is poirnwl over tJic! top, thus 
forming plate and screen in one. The. smallest (kttail in a photo- 
graph wliicli is visilile to the naked eye will be e.overed by a 
multitude of grains of all colours, and whatever the colour of 
the original may bo, sullicient light passes through tphe appro- 
priate grains to affect the jdato. 

Anotpher very int,er(!sting method is that of the Tagid Prize 
Plate Company, to whom the writer is ind(‘.bt.e.il for information. 
The screen is in tpliis case s<‘.parate from the s(‘nsit.ive plate, and 
is covered with a number of minute s<iuare,H of nnl, green, and 
blue. Jt is prejianwl by coating a clean glass [)latpe with a 
special collodion, which is then stained with a r<*<l dye. Piirtions 
of the plate, are then coate<l with a “ rc'sist,’' after which it is 
placed in a bath and the uiuuuited portion bleache.d. U. is then 
placed in u green dye, which rephwes the reil which has been 
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dyed out. A further series of “ resist ” squares is printed on the 
plate and the uncovered green is bleached. Kually, the plate is 
re-dyed with blue. The result is a finished screen with all its 
colours in one plane, without any overlap, and no white or black. 
Very effective copies for viewing directly or by ihe lantern can be 
made, and all kinds of coloured objects can bo faithfully and 
brilliantly reproduced. 

A most important application is the production of the 
beautiful coloured illustrations which appear in modern boolrs 
and magazines. The process is based on that of Ives. Three 
photographs are taken of an object or scene, and a block is made 
from each. "When those blocks are stained with ink of the 
requisite colour and impressed in sue^ccssion on the pa})<'T, the 
object or scene is reproduced in colours atrikijigly near to the 
original (see Eig. 262). The trouble of taking three separate 
photographs is sometimes avoided by using in the first instance 
a Lumiere plate. The three blocks are then made from the same 
photograph by interposing appropriate screens. 

THE PnOTOGRArilY OF MICTION 

Not many people ate aware that the iirst siicp towards the 
photography of a succession of movcnunil;H was taktiii as long 
ago as 1872. In ihat year Mr. Muybridge, a (Jalifornian, obtained 
twenty-four successive photographs of a trotting lutrse. llis 
plan was to arrange twonty-foiur cameras in a line opposite a 
white screen. Stretched between each camera and tins screen 
was a thread, and as the horse passed it tightciu'd and broke the 
thread, and in so doing operated the shutter of the. corresponding 
camera. 

In 1882 Dr. Matey of Paris constructed the beautiful apparatus 
known as Marey’s pistol.’’ It was, indeed, very like a revolver, 
but the drum which in the fire-arm carries tJio cjirlridges, in this 
case carried a circular glass plate coated with sensitive emulsion 
and wholly enclosed. The only direction from which liglit could 
reach it was down the barrel. Wlieu this jiistol, charged 
with its sensitive plate, was pointed at any obji'ct, and 
the trigger pulled, the plate rotatid about its centre in a suc- 
cession of jerks, and as it paused for a moment after each 

’ M. .Tansspn, tlie astrouonier, liiwl used a similar iirntromciit to nicord the 
transit of Venus, hi 1874. 
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stop a photographic iniprossiou of the object was made near 
the rim. 

No real advance in the photography and reproduction of 
motion was possible until improvements in the n\anufacture of 
colluloid provided a long thin strip of seimitised material upon 
wlu’ch a succession of many pictures could be obtained. The 
stimulus which led to this was the need for a film to replace 
glass plates in a magazine camera, thus reducing the weight and 
permitting a larger number of snapsliots to bo taken. And when 
Huceess was attained there was one man at any rate — ^[I’lioimis 
Alva Edison — who was ready to take advantag(( of it. At (ho 
World’s Fair at (hicago in 1893 macJiincs were (ixhibited which 
worked upon the pcnny-in-tlic.-sl«t principle. A nickel (ii.-i!Jd.) 
was dropped into a nuuhinc, and with eyes glued to a small 
opening (.lie observer saw for about half a minut<'! a cwimijlcto 
sot of movenumts illuminates! by a small <*lectric lamp. 

The f)rinc.ij»le of this and all later machiiuis is tJiat an image 
tlrrown u}Km (.lie rotiiiia~i.]ie wonderful screen at (be back of 
the eye — persists for about a (ontli of a second after the st imulus 
whidi produced it has passetl away. A picture <‘.au be formed on 
a photographic plate far more rapidly than (his, and (he numlxtr 
of pictures that can lie takiui in a second is only limit, lul by (he 
speed at wliich a sliuttcr can Ix' made to llasli (he light upon 
successive port.ions of the film as it is wound rapidly from one 
roller on (o another. For all ordinary jiiirposes it. is suHhnent 
to take sixtii'en photographs a soc.ond and submit them to the 
observer at (.he same rate. 

It does not) seem t^i liave occurred (,o hklisoti to project the 
pictures on a screen, and (.he subsequent development of moving 
pictures as ive know them l,<Klay is mainly due to Mr. Jt. W. 
Paul, th<* scientifio iustrumeut maker, of Ijomlon. According 
to Mr. F. A. Talbot, Ellison did not jiatent his invention in 
Knglanil, and Mr. I'anl’s attention was ilrawu (,o (.he mat.tiir by 
a man who asked him to make films for him. The jiossibility 
of project ing them hy means of a lant.eru soon ajtpcared, and one 
night In 1895 (.lie at.tention of the police was called to loud cries 
proceeding from a building in Hatton (larden. On entering, 
they found (hat what they had suspected t,o he a grim trageiiy 
was a joyful dimumstratiou which attendeil the iirst successful 
attempt to show moving plcturi's on the screen. TJic sliow was 

* Afuvhii/ Vuiitm (IliMiii'miuui)* 
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repeated for their benefit, and they were the first persons other 
than Mr. Paul and his assistants to become familiar with the 
new discovery. 

The temos cinematograph, bioscope, vitagraph, merely indicate 
difierent mechanical devices for obtaining the movement of the 
film. This is IJ inches wide, and is pierced with holes along 
both edges. The teeth of wheels something like chain wheels, 
and called sprockets, fit into these holes and control the move- 
ment. At &st this was continuous and a rotating shutter in 
front of the lens allowed each picture to fall upon the screiui 
for a short time, but the best effect is obtained by int.ennitl(’.nt 
motion by which each picture is allowed to come to re»st before 
it is disclosed by the shutter. The general arrangement of a 
Idnetoscope is shown in Fig. 263, and the incclianisni in greater 
detail in Fig. 264. 

The manufacture of films has become an enonnoim industry, 
and Messrs. Hepworth of London, Lumibre, Pathf' Frisres, 
Gaumont, and other firms employ thousands of opt'.rators. 
The subjects come in from resident operators in all parts of the 
world. They are developed and fixed in special machines which 
pass them tlirough the necessary baths and dry tJicm, They 
are then copied and dispatched to the pici.ure houses. 

During the last few years the deinaml for the j»i<iture jilay has 
enabled each company to maint,ain in regular employment, a 
company of actors and actresses. Huge stiulios in which an 
appropriate sotting can bo arranged have been built., and all 
the paraphemaUa of the stage is recorded by tiie film. Hut the 
performance lacks one of the principal features. Tlie human 
voice which, after all, docs so much to make or mar the drama, 
is absent, and the action proceeds to the accompaniment. <if the 
orchestra, which harmonises more or less with the emotions 
depicted on the setoon. Attempts are being made to ut ilise tlm 
phonograph or gramophone to increase tlie realism of the pict ures. 

Not the least interesting records ate those which have Iw'cn 
obtained of the habits of animals, and the growth of plants. To 
secure the former the haunts of beast and bird have Ih'cu invaded , 
and the camera has penetrated the dark recesses of the tropical 
forest whore formerly a gun would have been regarded as the 
only weapon that could safely bti used. In registering very slow 
motions such as the transfonnation from caterjiillar to chrysalis, 
and chrysalis to butterfly, the growth of a plant, or the unfolding 
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of a flowi'i (Fig. -04^), j)lu>U)grapli8 arc livkwi at long intorvalH 
and then llirown on the screen in rapid sucoiwsinn. Miiny <'f 
tbo trick pictures in wliicli, for example, a knFo cuts up a loaf 
of bread and a sandwich is made witlumt visible, haiuls, arc 
the restdt of a large nninl)er of separate photograi)Ii8 in which 
the setting is changed between each, the film being tiovt'rcd 
meanwhile by the shutter. 

It. was hardly l.o be e!X})e.cte.d tJiat inventors would be satisfied 
with ])ie.tureH in black and whiU', and some of the earlier films 
were colounnl by hand. Rut. wlu'u loiig(r films <'.ame into vogue 
tliis was 1.00 expimsivi^, and instead of paint.ing in ('aeh jiieturo 
by hand, .stencils weri>. adopted, and though the same mnoiint 
of delieae.y was not; j)ossible, tlu'n*. was colour. Ihit. even this 
process soon became ('xpensive with a film fOOO feet long con- 
taining more, t.han 12,0(10 pie.tures. 

As early as 1809 a me.t.hod wiis d(^vised by Circiene. whereby (.In*, 
photographs were; (all(*n through nsl, gre.en, anti violet screens 
and Hashed on the screen 8ueee.ssively througli screens arrangctl 
in the shutter. Rut while .sixteen a second is suHicient for black 
and white, a three.-eolour pna-ess of this kind reciuires forty- 
eight picturt's a second, and tliere. were mechanical diflieidties in 
securing t.his. The. (ilm must be. j)auc.hromatie, ami can only 
bo devc.l(»]»ed In (hirkne.s,H, 

The diille.ullies of a t liretwolour process led Albert Smith t<» 
propose two eolours tmly— rod anti green. The irndhtid wiw 
patenliid In 1906, intnahtewl conunexeially in 190S, anil im- 
proved it) 1911. Tliis is the famous Kinemucohmr proeess. 
Pictures are. taken alttwnately through red and green Here.enH, 
and proj(>elH'.il t.hrougli a rot ating tlise liaving two opa(|ue sectors, 
one trauspari'ut. re,ti and one. t ransparent gretm sector (see Fig. 
2(i.''>). Blue is not entirely alwtmt owing t.<* the gnsni tmntuining 
a little, but imligo iiml violet are not rejtrotlueed, and the reds 
and grisms are emphasisial, 

Greene's process is now being revivtsl muler ih<‘ iitime Bieoh»r, 
anti the Ives three-eohmr proeess is being applietl It; mttving 
pictures l)y tint use of thnst films. It is only five ytairs since, the 
iirst eoltuir films were exhibitetl, anti those whose memory 
omahles tliem to look hack ovt't the eighteen yt'ars sinc,e the first 
picture show will realise tbo progress that has Imhui nuwle, anti 
comprehend something of the promise of iht* future. 
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SOME SCIENTIFIC APPLICATIONS 

If one wishes to know something of the fidelity and speed of 
the modem photographic plate the greatest achicveuuMitfl will 
be found in the laboratory of scientific workers, who use tlio 
camera to record observations that the eye cannot distinguish 
nor the mind, without difficulty, conceive. The tiny bacteria, 
those low forms of vegetable life, some not more lhan .j of 
an inch in diameter, which exorcise a powerful inlliu'iuut in iu'alth 
and disease, are photographed with ease. A minute drop of the 
liquid or slice of the jelly in which they are cultivated is jilaced 
on a glass shde under a high-power microscope, and the image, 
hundreds of times larger than the object, is thrown upon a 
sensitive plate. When this is developed the investigator has a 
record which he can examine at leisure and use for comparison wi th- 
out undergoing the strain that microscopic observation involves. 

The special services wliich the microscope and the camera 
render to the steel maker and the engineer liave been detailed in 
Chapter VIII. With their aid tho minute internal sf.rncture of 
metals is revealed and permanently recorded. In association 
with the chemist, the microscopist and the photographer have 
built up during the last fifteen or twenty years a body of know- 
ledge that exercises an inlluoucn u]>oii the most delii'ate insliru- 
ment of precision, and the most gigantic structure c.(m(*cived and 
erected by the engineer. Tho tiny waves of liglit falling on the. 
polished or etched surface of apiece of steel reveal those variat ions 
of level which are duo to the varying hardneas or chemical com- 
position of tho constituents. And the examinat ion of sant))lcs 
of proved strength and reliability affords a stondard by which 
untried materials can bo judged. 

Some of the most remarkable results in the idiotography of 
bodies in motion have boon obbiincd at tho Manty lnstit.nt.<* iii 
Paris, which was established to continue the methcsls of cn(|uiry 
— ^mainly in physiology and modicine--to which Dr. M, (}. Rlarcy 
had devoted his life. Prom tho numerous investigations whit^h 
have been carried on at this institute, two am sehu’.tcd for notice 
— one in which tho objects studied arc extremely minute, and tlio 
other in which the movements are extremely rapid. 

In few subjects has such romatkahle i»rogress l»«‘u made, in 
recent years as in tho study of disoascs -partituilurly tiiose which 
arc duo to living organisms. Wliilo many diseases are caused 
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by the tiny Tiieinbors of the vegetable worltl called bacteria, 
others have boon found to bo duo to equally luintiit'. fonuH of 
animal life called iriijMmmmm.''- A particxilar organism found 
in the blood of patients vvlum suffering in a particular way, and 
at no otluir time, is assumed to be the primary cause, and a cure 
can only bo found by a study of the organisju bw'.lf. 

Jilood is a colourless fluid conf.ainiiig myriads of tnicroscopic 
particles called coqnisclcss — red and wliita so small that in 
Bo.ouo there are ricarly .'l.OOb.fKIO of f,h<‘. former 

and 0000 of the latter. 'I’o the rod corpuscles the blootl owes 
its colour, and they serve 1.0 carry tlie oxygen round tiui bo<ly and 
to romovo tho waste products f.hat are form(«l in the tissues. 
The function of tho wliite corpusekis remaiiMid for many ycuirs 
a mystery, until it WiUj found that they wag(‘d war upon the 
germs of disoafie. Neither the red corpuscles nor the li'Ucocijtf'H, 
as the white corpuscles arc called, are living crcaiiiin's, ami the 
l(*u(«)cyf.es act as though they sulTocariid or poisoiu'd sueh of 
their enemies as bcicame entangkHl within their suhstatrees, 

Such facts as tlieso have been csUblislu'd hy patie.nt and 
laborious work with tho mi<u-os<«)p(s-’ work whie.li has often hiul 
to bo conducted in thos<( unlu'altliy dist.ricls in <he tropics where 
disoiisc is rampant, and it-s causes pnwuit in overwlielming 
array. The up]>lieation of photography was not so simple us it 
appears at fir.st sight;, be<(auBe the germs are extremely sensitive 
to light aiui heat ; tlie eomurntration upon tiut drop of Ikpiiil 
or jelly in which they grew of twiiant eiu^rgy in the beam from 
tho lamp was oftou sullieicmt to kill them in a few seconds, leaving 
nothing but their dead bodies for e,\anunatiion. Tlie heat. <’ould 
1)0 cut off by interi)osiHg a trough of water, but t.lu' triinsparmuiy 
of the objects rendered them clinicult; to observe, dead or alive, 
and often it was necessary t.<> kill them and stain the remains 
BO that they could be more easily <‘.xniniue.d. 

The use of photogra\)liy is of great value in obtaining a record 
whicli can be examined and compared with others at leisure ; 
but it only represents a momentary glance, us it wert*, and can 
only be 8upi)leinentary to continuous and [xirsisteut observa- 
tion. For tliese small objects are in constant movement ; they 
are increasing or decreasing, creating great changes in the lupud 
or jelly in which they are immersed, and entering into conflict; 
with leucocytes if present in blood. 

* Tlio tryiiMuwitmi's *ri> <iul,y a Hiiti-"ron{i <if thr jiretowii, of whicli sovcml 
othor »ttl)*gruuit!i oxwuiiio s Hiiuilar ctroia. 
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The inTeetigator reqtuies exact information on these matters, 
and more particularly he desires to study the behaviour of these 
organisms in. the presence of various substances amongst which ho 
hopes to find a cure. And to these ends ho has called in the 
services of the cinematograph. After many experinients Dr. 0. 
Comandon, working in conjunction with Messrs. I*ath6 Ereros, 
has succeeded in obtaining records wliioh enable tlic processes 
to be examined over and over again, on a scale thousaiuls of 
times greater than the actual size. The portion of a him repro- 
duced in Eig. 266 can be projected on the screen so that it is 
magnified sixty times ; and as the pictures on the flint itself are 
already 400 tunes larger than the actual size of the objects, 
the total magnification is some 24 thousands. 

In these investigations the difficulties which had to be over- 
come arose almost enticoly from the minute chara<'.t(tr of the 
objects whose movements it was desired to record, for the 
slightest vibration would throw them out of focus. Hut in the 
experiments on the flight of insects, by M. Lueien Hull, now to 
be described, the objects were largo enough to ru(|uiro little or 
no magnification, but their movement was so ra])id that not even 
a revolving shutter would pomait of a suflioienlily short; («.xposure. 
Instead of one-sixteenth of a second, the pictures hud to be taken 
at intervals of a few thousandths, and for this j)urpoHe a series 
of electric sparks had to be employed. 

The general arrangement of the apparatus is shown diagrutn- 
matically in Eig. 267 and its actual aiipearance in Eig 
Referring to Eig. 267, the sparks are produced by an intluct.ion 
coil A, and occur between two poles of nuvgiKwiutn at E. This 
metal produces a light very rich in ultra-violet, rays, and 
therefore enables an oilcot to bo obtained on a photographic 
plate or film with a very short exposure. The iihn is fixed to t he 
rim of a drum R which is rotated at liigh spcMl by an elect ro- 
motor which can bo seen in Eig. 268. Tlio drum is iuiehtsed in 
an octagonal box upon one face of which are li.x;ed tin* lenwm. 
D is a small window the light from which is ndleeled towanis 
the insect by the mirror M. Eor as the. work has t.() be done 
practically in the dark, there must be some means of eontndling 
the direction of flight, and advantage is taken of the fact. that, alt 
insccts^fly towards the light. 

The “ mako-and-break ” of the coil is not. umimplislnxl by a 
vibrating spring but by a rotating interrupl.er I, fixed on the 
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siaft of tho drum. This ensures a definite nundx'r of Hparks, 
and therefore a definite number of inipreiiHionH, jwu' revolution. 
Ordinarily the insect appears in the picture as a silhouette, as 
shown in Eig. 269, and parts of the wings which il. may be 
desired to observe are not easily seen owing to the ilaliiess of 
the picture. But M. Bull avoided this by arranging a sU'reo- 
Bcopic front combined with an ingenious shutt('r dt'viec^ which 
enabled him to take pictures showing proper p((rsi»<‘.ctiv(!. The 
double front for this purpose is shown in Fig. 2(iH. 

The spark-gap is one millimetre long, and the number <tf sparks 
2000 per second. The diameter of the drum was 3-1 -r) cei itizmd res, 



Fig. 270. Affahatth ton Hdi.DiKe and RiaxAHisu DirsBtiKNT Hi'icibn 
or FiiYiau Indblix, 


or about a foot, and with a film 1-08 metres, or a litl le ov<*r 3 feet , 
long it is possible to obtain fifty-four Buccessiviz pictures of tin* 
usual cinematographic size. The spzx'd of the film was 40 feet 
a second, so that the total time during which the. movtunents 
of the inflect could be recorded was one-fifteenth of a H<*cojid. 
In view of the rapid movement of the wings this is amply sufii* 
cient to enable a detailed analysis to bt; made. 

Dragon flies and house flies were held in a pair of ttmgs shown 
at A in Eig. 270. The limbs tend to fly aprt , but. are prevented 
by a smaU catch. On closing the circuit, whi<’h ineUules the 
electromagnet and the shutter (S in Fig. 267), the insect is 
liberated and at once commences its flight. As all insects become 
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sluggish during confincTnent they have to bo xiscd in a fresh 
condition, or they do not start at once. But while this niothod 
is satisfactory for tho insects mentioned, a difEereuit plan has to 
be adopted for hymenoptcra, such as bees and wasps, which 
hesitate for a moment before taking fliglit. The ono finally 
adopted for these is shown at B, Pig. 270, and consists of a 
glass tube about inches long and wide enough to allow the 
insect to crawl throxigh it (uisily. Tho front is closed by a light 
flap of mica attached to the end of a metal arm which closes the 
circuit between the two nielal bands. Tlu'. cir(‘.uit is first broken 
by a switcli, then the insect is introduced. As it lifts the flap in 
crawling out, the switch is jmt on, and as the insect flies, tho flap 
falls, comifiotes tho e.ircnit, and operates the shutter, 

Por insects ludonging to the cok^optera, siudi as beetles, which 
hesitate for a still longer time, a tliird fortn of release had to bo 
provided. This (see. (1, Pig. 270) consisti^d of a lever pivoted at 
the centre of a similar tnl)e, along whith tlu^ inm.^c.t (Tawls. The 
hand switch is fimt broken, tlu‘n the iust»ot is introdiu'od. During 
the first half of its journey it presses the back tmd of the lever 
upon the contact, and when it passes th(^ eiuitre thi‘ lever t ips up. 
Tho hand switch is now put on, but tlui sluitter cannot act until 
tho insect rises from the front <nul of the levi»r and allows t he back 
end (which is the heavier) to fall. In this way the uneoimeious 
inseet ** pulls the irigger which enables thc^ picture <o be taken. 

Pig. 271 shows a serii^s of llfteon pictures of a dragon-fly. 
Tho stnall points appearing t«i the margin of each pktturc are 
tho prongs of a small tuning-fork the pitcli of whieh is ktiown 
and which tlu«irefore serves as a measure of the times boitweon 
successive impressions, 

Perhaps the most remarkable examples of accuracy and 
delicacy of the photographi<5 record, liowev(‘r, <)C(‘ur in con- 
nection with investigalionH of the flight of projectiles and the 
adjuBtnnmt of fire-iinns. Alwmt twenty yi^ars ago ?rofes8<»r < 
Vernon Boys employi'd an electric spark to obtain pliotographs 
of flying bulh^ts. They were fired from a pistol, an<l caused two 
wires to come into contact, whereby a circuit was closed, and a 
spark occurring at another gap, a silhouette was obtained on a 
photographic plate. In this way the various eflttcis produced 
by a bullet striking and penetrating a glass plate were re<!orded. 
At the first contact the surface of tho glass was powd<»red ; then 
a roundtHl disc was forced out, and only after tlie l>ullet had 
emerged on the other side did the plate sliiver and crack. 
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Incidentally it was observed that certain black linos appeared 
in the photograph which corresponded to no visible part of 
the apparatus. These turned out to bo waves in air similar to 
those which a ship makes in moving through water. They 
form a V with its apex a little in front of the nose of the bullet, 
and if an obstacle such as a piece of wood or glass is placed so 
that one of the limbs impinges upon it, tlio wave is reihicted 
exactly in the way that theory predicts. 

It is interesting to note in this connection that about six or 
seven years later, Professor 11. W. Wood of the Johns Hopkins 
University, Baltimore, extended these exporimmitiS to the 
instantaneous photography of waves of sound. Two spark- 
gaps were arranged, so that while the crack of out' caused the 
aerial disturbance, the other cast a shadow of the wave on a 
photographic plate. By increasing gradually Iho interval 
between the two sparks ho was able to tratio the wtivo in ttver- 
expanding circles, just like the ripples in the surfatto of water 
when a stone is thrown into a ])ond. Ho followed the wave 
through a small hole in a screttn and showed (haii the wave 
front beyond formed the surface of a sphere, and siiuilar results 
were obtained when two or three perforated screens were placed 
in line. And finally ho showed the reflection of tho wave at 
piano, spherical, and parabolic surfaces. 

Pig. 272 is from a photograph by Mach of the air-wave pro- 
duced by a bullet in full flight. The eddies in the wake are very 
noticeable, and may bo compared, with tlic piiotograph of water 
flowing past an obstacle in Pigs. 13r>-C-7. It will be obscrvwl 
that the apex of the waves causes the bullet to exert an efiect 
before it actually touches an obj<'ct. In some experimezds tho 
spark is produced by the bullet breaking a thin strip of copper 
stretched across its path, and it has been shown t Iiat. t he strip 
is broken by tho air-wave. Tho bullet and strip do not come into 
contact. The ne.\t step was to record suceossivo movezneuts on 
a film, and tlus was aooomplishetl (Pig. 272'') by Dr. .1. Athaziasiu 
in 1903. But tho most remarkable experinu'zds in this direction 
have been zuado by Professor (J. Cranz of the Berlin Acjademy 
of Military Technology, who has employed a variety of methods. 

So far as slower motions are coiuHirned, a series of sjuirks c*a 
bo obtained at regularly recurring intervals by the rotidhui of a 
wheel with a number of metal strips ozi the rim, which <'omc Into 
contact with a fixed metal brush and disoluitge a battery of 
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Leyden jars. But lor motion of the greatest rapidily, the only 
method is to make use of an apparattis like that employed in 
wireless telegraphy, which gives a series of sparlcs at intervals 
corresponding with the natmal period of elecirionl vibration (»f 
the circuit. 

As a beautiful example of a connected series of plioi ographs 
of a piece of mechanism moving fat too rapidly to bo followed 
by the eye, we may consider the illusttations in Pig. 273 which 
represent the ejection of the spent c.aitridge from a self-ae-ting 
pistol. The photographs belong to a sot of twenty-lU'e, l»ut 
the seven reproduced show very clearly the path of the empty 
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cartridge. It will also ho notiieed that specks of unhumt 
powder are thrown out., and in the last two pictures the now 
eartridge can Im> seen rising up in line with thi' Itarrel into which 
it will be thrust by the return of the hnu^oh-hhuik. By such 
photographs tlie guu-makor can ascerUiin whether the meehanism 
is acting properly, for if the now <!art.ri<lgo is not ciuifce horizontal 
when the bre.<!<h-bhH*.k returns, it may jam, and jtrevent the 
gun working at a (irit ieal motnejit. 

But Professor (Vanz's greatiwt achievement was that of 
obtaining a einemat.ographic record of the whole process of 
firing a gun, including thi^ flight of the bullet through tho air and 
through various obstjie.Ies. The apparatus, which was th'signetl 
in 19UU, is shown in diagraummtiu form in Fig. 274. An alter- 
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nating-caTrent generator supplies electricity to a tranHEomier, 
which is connected to the terminals of a spark-gap placed in 
front of a large concave mirror. Between the generator and 
transformer is a pendulum-break, shortly to lie described, and 
between the transformer and the spark-gap is a condenser which 
gives capacity to the secondary coil of the transfonner and 
determines its period of vibration. Opposite to the mirror 
is a steel roller, carrying a film, which can be rotated at a tegular 
and known speed. It is 50 centimetres (nearly 20 inches) in 
circumference, and 28 centimetres (about 11 inches) long, and 
the speed of rotation can be so great as to giv(( the film a v(docity 
of 140 metres per second. This in British units is 420 feet per 
second, or nearly 300 miles an hour ! Usually the vedoeity is 
90 metres or nearly 280 feet a second, or about 180 miles an hour. 
Even this velocity is three times the speed of an ex]>ress train 
and one-fifth of the sjiced of a bullet as it loaves the muzzle of a 
rifle. 

The pcndulum-hreak which has been mentioned consists of a 
metal pendulum which is hold up or released by an (‘h'elro- 
magnet. Below it are three curved tods of metal, each of which 
carries a contact piece. When the c.’cperiment is ready the 
pendulum is released by a hand-switch, and oi)erate8 tlm <‘on- 
tacts in succession. The first contact fires the gun, the sec'ond 
starts the sparks, and the third sto))S thenn The sparks folU»w 
one another at the rate of 5000 a second, and each spark pro- 
duces a picture, so that 500 pictures can bo taken in a tenth of 
a second, with the alternator making 2500 alternations per 
second. Machines have, however, been built whieh give 50,000 
alternations and therefore 100,000 sparks per s(*eon<i. 

Some of the rcsxdts obtaintul with the ap)iaratus deserihed 
are illustrated in Figs. 275-7. In Kig. 275 is shown a Heri<'S 
of photographs of the firing of an older form of Mannlieher 
automatic pistol. The first action is to drive out air fnmi the 
muzzle and a small volcano is observable at the breech. The 
bullet appears for the first time on the fourth ]»icture, and by the 
sixth it has passed out of the field of view. Later photographs of 
the series show the spent cartridge being ejected. The method is 
of value in ascertaining whether the breech opens Itefore or after 
the bullet has loft the mrunzlo ; for the latter cireiunsfanci* would 
be attended by danger to the user from the backward rush (jf hot 
gases. 
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Pig. 276 shows a series of pictures taken wliilo a shot is 
passing through a suspended rubber bag of water, and cxhibils 
a curious result. As soon as the bullet has entered, the water is 
expelled through the opening in the opposite direction (•<> that 
of the shot. A similar effect is olwervod wIkmi a sliol. is fired 
into earth, an effect which in both cases is (j[uito unexpocstod. 
When the bullet emerges through the otJior side of the bag the 
water follows in its wake, and later pictures convoy some idea 
of the violence of the after effect. 

A bullet fired into a suspended bone from a pistol witli a small 
charge drills a hole clean tlurough without brwiking it'. The 
effect of a shot from an infantry rifle with a full charge is a <‘.om- 
plete shattering of the bone after the bullet has passed through. 
The earlier pictures in Pig. 277 show the powdering up of the 
bone and the projection of the j>articles Ixuikwiu’ds, as the bullet 
enters. When the bullet has passed out of the Held of view tlui 
bone begins to splinter up, the shock ((videutly requiring au 
appreciable time to act upon the })art>icles of which the bone is 
composed. 

Space will not permit of a description of many ot her iiit erest ing 
results whiC'h have been obtoined by I'rofessor ( Imnz, Lieul'enaut. 
Becker, and others, in the study of the nmt'i(m of proji'Ctiles. 
Apart from all those applications, })hotograpliy is ompktyed to 
record c.ont'iimously all those changes about which man (h^sirt'S 
information, in cases where personal obs<»rvation would be 
neither so continuous nor so infallible. The varying lunght 
of the barometer, tlio temperature, the duration of sunshine, 
the changes in tom])erature and volume withiti the eyiituler of 
an intornal-comlnistion engine, tremors in the earth’s crust, 
and the rhyt.hmie, boat of the human heart., are capable of l>eitig 
registered in the almost immeasurably thin film on a roll of 
sensitised pajior. 

But enough has perhaps been said t.o show that J’hotography 
has not only undergone a vt'ry eonsiderable dcn’clopment in its 
methods, but has materially juwistcd discovery and invention 
in liekls widely separate*! from ite own. Its pro<*.(‘HHes are 
adaptable not only to the most suitable interpretation of an 
assthetic seejie, and to the accurate wcionl of seientilicpIiejKtmeua. 
It is a hobby, a iine art, and a method of precision ; and in all 
throe departments of activity it is unrivalled. 
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CHAPTEE XX 

RADnjM, ELBOTETOITT, AND MATTER 

Radium ! Tliis element lias been known to man only for about 
thirteen years, but it is familiar to all, and its discoverer is famous. 
The price of radium bromide— a white, miintorcsting-lookiug 
salt — is £16 per milligram, or £1600 per gramme, or nearly £45,000 
an ounce, and there is probably not more than half an oiinoo in the 
world. This is far more than it costs to prepare, but a con- 
siderable number of people want it and are willing to pay what 
is asked. It is perhaps fortunate that a very small (piantity will 
serve each man’s purpose. Having paid so much ho does not 
waste it — as a matter of fact it wastes itsedf, luid in that pecu- 
liarity lies its value. The half-ounce of raditmi whi(‘h has been 
prepared is gradually wasting away, but it has servcul already 
for a series of the most remarkable discoveries that physical 
science has ever been able to record. 

There are certain periods in the history of scicuitific progress 
when a discovery or group of discoveries changes the whole irend 
of thought. Startling as the new facts and pheuonuuia may be, 
they are overshadowed by the imporirunt and far-n'acliing 
character of the ideas tlwy stiggost, and by lh«> inlluenee t.htfsc 
exert in modifying views which have Iw-come almost as irre- 
vocable as the laws of tho Modes and Persians. Old tmudal 
pictures, fruitful in indicating tlio direction of fiiriher (^xjieri- 
ment and reasoning, are wiped out, and for a time scientifie men 
are busy painting with tentative and hesitating stntkes the 
now picture of tho physical universe. 

Of such a nature are tho discoveries in (XJimectiou with radium. 
Eor this element, occurring very widely but in minute (piantltics 
in tho earth’s crust, is of relatively small i)uportanc.e considenMl 
alone. But attempts to explain its ]>ropert.ies have sli<«l a new 
light on the elusive properties of Elnct.ricity and severely shaken 
the foundations upon which out most elementary mitions of 
Chemistry were laid. Moreover, like most of tl»e profound 
proble:^ of physical science, tho real solution was tmt attained 
by a single series of experiments, nor by tlm work of a single 
individual. The obstaolos have been ovoRtome and the know- 
ledge revealed by a whole army of workers, wliose jiatieMt 
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investigation and steady, persistent endeavour constitute the 
silent unseen force which is manifested, but hardly measured, 
by its results. 

In order to give some idea of the nature and meaning of 
radioactivity it will bo necessary to pursue two lines of enquiry, 
and afterwards to correlate them. With so much oxi>lanation — 
offered lost the reader should bo wcariod by apparent irrele- 
vance — ^Ict us consider 

THE DISOHAROK Ol? ELECTRXOXTy amOUOlI OASES 

Air and other gases are, at ordinary tompcratxiros, and when 
dry, non-conductors of electricity. This does not mean that 
electricity cannot bo induced to pass through them at all, but 
that an cnormoxis electromotive force is required for the purpose. 
On this fact is based the possibility of tjansmitting electrical 
power over long distances by inemm of bare wires, for, though 
some leakage does take place, it is mostly through the solid 
supports or tlio thin film of moisture which covers them in wet 
weather. In order that a spark may pass between two balls 
one inch apart in air, an elcdromotive force of soinethiiig like 
100,000 volts is required. If points inHt.eml of balls are used a 
discharge takes place more readily, with a hissing sound. 

A highly rarefied gas conducts more readily. If it is contained 
in a tube which can be gradually exhaustod, the eleolrodes by 
which the alternating current from an induction coil enters may 
be placed several inches apart. At first there is no discharge, but 
as exhaustion proceeds a broad baud of light apj^suirs between 
the electrodes, which, as the pump is worked, widens until it 
fills the tube. The colour depends upon the nature of (he gas. 
At one stage there is a flickering appearanec owing to the con- 
centration of the light in thin layers which fill the tube from end 
tiO end. If in this coiKlitlon the, tube is sealed off, it- forum one of 
the well-known vacuum tubes sold by electrical dealers, which 
give such beautiful effects when connected up with an induction 
coil or influence inaohino. 

As tlic vacuum becomes liighcc a dark space forms round one 
of title electrodes — called the eatlioilo — and this si«ice increases 
as the (quantity of gas in the tube becomes htss, until it fills the 
whole tube, the walls of which glow with a faiiiti greenish light. 
Finally, when the exhaustion is pushed to the fullest extent the 
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electricity refuses to pass, showing that the gaseous matter origin- 
ally in the tube was necessary to convey electricity through it. 
The broad band of light first formed is produced when the 
pressure falls to about 10 millimetres of mercury ; the strim or 
flickering layers are most brilliant at 3 millimetre ; while the 
dark space fills the tube at about 0*03 millimetre. There is 
then present less than j^Vob amount of air required to 

fill the tube at atmospheric pressure. 

From the middle of last century these effects excited coiiHider- 
able interest, and many beautiful experiments were devised. 
Hittorf placed a small mica cross in the tube in front of tlm 
cathode, and found that the end of the tube covered by the 
cross did not glow. This indicated that something was projected 
from the cathode which travelled in straight lines. Ten years 

later Sir William (kookes car- 
ried out a remarkablt', seriea 
of investigations, instead of 
Hittorf’s cross he phufcd 
a small wheel with vatuis, 
mounted on an axle in the 
middle of the t.ube. 'I’he fact 
that this wheel rotated wlum 
OaooK Tub*. dark space, reached it 

showed that acjt.ual particles 
of matter wore projected across tlie space between the cathode 
and the walls of the tube. The fixed wlund was nqilaeed by 
one having its axle resting on t wo glass rails running the length 
of the tube (Fig. 278), and the wheel rolled from end to end. 
By reversing the direction of the current through the tube the 
motion of the wheel was reversed. 

Crookes was led to the view that matter in a line state of 
division, suoh as the attenuated gas in the tube, [KiHHcssed speeiut 
properties, and ho gave to it tlio name “ radiant matter.” He 
showed that if a magnet was hold near the tube the stream of 
particles could bo bent out of its original direction so that 
the wheel did not then turn. If the stream was coneeutruted 
upon a small piece of platinum by means of a concave cathode, 
the platinum was raised to a rod heat by bombardment, while 
various substances which possess the property of lluoresceuce 
(see page 379) glowed in similar circumstances with their charac- 
teristic colours. 
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Of these properties the most inijjortatit is Iho (lellcctioii by a 
magnet (Figs. 279 and 280) ; for this deflection is just what would 
occur if the stream wore composed of tiny particles carrying 
charges of negative electricity. Such a stream would bo equiva- 
lent to a current of electricity, and the interaction between the 
magnetic field of this cui'- 
rent and that of the mag- 
net would cause the more j- f j i 

movable one to twist round i j j | 

so that the lines of force j | | J 

of the two coincided. j J 

A furtlier property was -J- ' 

discovered in 1894 when 
P. Lenard constructod a cdSf f 

minium window at the end 

opposite to the catliodo, PhBDSDHHl^ 

and foimd that the rays Pig, 270. 

would penetrate it. Out- Oimiokek' M ii,i,-wHKKt. Trim, mihwino ai.so 
side the tube they caused Dkkmsotion nv a Madnkt. 

a cloud to form in n>oist air, and, by rendering the ait a 
conductor, discharged an clecirwcopc. 

it may bo well liote to devote a few words to the gold-leaf 
eloctroHoopo which, while one of the simplest and ((oinmouest 
pieces of electrical apparatus, has proved in relation f.o radio- 
activity to bo one of the most delicute instruments of nwarch. 

Jt consists ^ordinarily of a 

fixed by me-ans of parafiin 
DBriiECTKiN 01' Oatiioiii'! Ravm nv wax, ebonite, or other non- 
A Maonet. conductror in the neck of 

a flask, or in tbe top of a box with glass sidt's. A more suitable 
form for measurement is one in which the rod terminates in a 


Kig. 2fl0. 

DBriiBCTios 01' (/ATiionn R.ws nv 
A MAasBT. 


metal plate, and a single strip of gold leaf is attached at the top 
edge so that, it hangs as a hinged flap. A good typo for ordinary 
purtmses is shown in Fig. 2HI. 

When the instrument is electrified t.he leaf is repelled fnun the 
l>Iate, and falls as the charge leaks aw'ay. A graduated scale 
enables the rate of loss of charge, to be measured by the rate at 
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which the leaf falls, and this gives a measure of the conductivity 
of the air. In this way Lenard showed that tlio rays arc ahsorhcd 
by various substances at rates which are proportional to their 
density. This explains why, of the commoner metals, aluminium 

is most suitable for a window 
and load as a screen. It 
justifies, moreover, the use of 
aluminium for anode and 
cathode; a heavy metal like 
platinum is, it will bo romwn- 
berod, rendered incandcsoeut 
by the bombanlment of the 
rays. 

In 189G Professor W. C. 
Eontgon was working with one 
of these tubes when lie found 
that some photograi>liie i>lat.eH 
which were in a drawer in the 
bench wore fogged. From this 
ho was led to the iliscovery 
of the himouH X-rays which 
are produad by any solid 

OHAvrooK’s Goli”Li!ap Kmotiiohcoi’k. up(in which the hoin- 

bardment of radiant matter 
falls. Usually a small piece of metal is mounted cenirally 
in the tube in the path of the cathode rays, and the impact 
gives rise to Eontgon rays. These are cajiable of affect- 
ing a photographic plate and of discharging an electroscope. 
They are absorbed more readily by dense substonecs, passing 
readily through paper, flesh, etc., but not through bone or 
metal. This diSoronco of penetrative power nmders them of 
immense value in surgery. When they are passed through Iho 
body a shadow of the bones and of any foreign Ixsly is cast, on 
a photographic plate beyond. 

To return now to the cathode rays, it may bo nunarked that 
the effects are the same whatever the gas in the t.ulH', By an 
ingenious method, into which wo cannot enter here, Hir J. J. 
Thomson has measured the masses of the particles which 
compose the stream, and lias shown that in all cases they are. 
about of the weight of an atom of hydrogen, hitherto the 
lightest substance known. They are projected from the cathode 
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•with a velocity about one-half o£ the speed of light — GO, 000 miles 
a second, and as these figures are independent of tJio nature of the 
gas within the tube the conclusion is inevitable that the radiant 
particles ani common to all matter. In 1H97 ProfesHor Tiiomwtii 
advanced the view that these electrons, as they arc called, arc 
actually present in the atom — ^that a group of clodronK, in fact, 
composes the atom — and that they are torn ofT iluriiig tlio 
passage of the electric current. Additional ovidcnce was forth- 
coming through a scries of investigations then proceeding in 
Etanoe, and before discussing the point further, it will ho 
desirable to consider their nature and meaning. 

RADIOACTIVITY 

While bodies generally become luminous only when heated, 
there ate a number of substances which can he iiuluced to emit 
light without any rise of temperature, 'i’his light is usually of 
a characteristic colour. Thus, when a strong ht'am of sunlight 
is passed through sulphalic of quinine, in waU'r a heautiful blue 
glow BufCuHCH tint li<[uid. Similarly, iluonfsceiti gives a brilliant 
green glow ; uranium glass, a canary-yellow suhstanci', appears 
green in strong light; and so on. This phenomt'iion is known 
as ftwresmice and the glow ceases as soon as (he light is 
cut oil. 

A number of otlior sulistaiKics possess a similar property wluni 
excited by exposure to light, but ri'taiu it after the light has 
boon removed. Thus llalmain’s luminous paint, w]iie.h is <'oin- 
posed of calcium sulphiilo, has long lieen a soureit of juvenile, 
amusement, because any object iJainted with it and <'xpoHi'(l to 
strong light will conlanuc to shine for some time in ilu* dark. 
In order to distinguish this from the property dt^seribed in (lie 
lust, paragraph, the term •iilmflmeecam is used. The dis- 
tiucl'ion between them apjiears, liowever, to la*. <»ne of (h‘gree 
only. 

The glow on the walls of a vacuum tube when the dark space 
fills it is a ease of lluori'scence, mid is apparently caused by the 
bombardment of the glass by the negative electrons. The 
Rdntgcn rays, again, am capable of producing brilliant effects, 
and the se,re<*u upon which the shallows aro cast is usually coat<*<l 
witli barium platinocyauide, a yellow salt whicli glows with a 
groonish light imder the rays. 
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Shortly after the discovery of the X-rays by Professor ESntgcu, 
M. B. Becquetel (1896) repeated and extended some oxporinieuts 
made by Niepce do St. Victor thirty years before, and deniou- 
strated that the salts of uranium, which are capable of phos- 
phorescence, will affect a photographic plate in the dark, lie 
also showed that uranium caused the discharge of a gold-loaf 
electroscope. Further investigation revealed (luito a number 
of substances possessing this property, which were therefore said 
to be radioactive, or to possess the property of radioactivitjf. 

During the next four years M. P. and Mine. Cjirie examined 
a large number of minerals containing uranium, and found that 
their radioactivity varied considerably. They came to the con- 
clusion that the cause was a substance or substances occurring 
in the minerals in minute but varying quantity. Finally, by a 
long and tedious process, they extracted radium from Austrian 
pitchblende, and formd that it possessed a radioaciivil.y over 
1,000,000 times greater than the uranium salts which had 
previously been used. 

One ton of pitchblende contains about 0‘37 gramme, or less 
than of an ounce of radium,’^ and only half of this can be ob- 
tained, owing to losses in the process of extraction. 1 n ax^pearunco 
and properties radium salts arc vtuy mucli like those of barium, 
and compounds of the two olcmouts liavo t(» bo separated by 
means of sb’ght difCorencos in solubility. When a solution of 
radium and barium bromides is cooled the radium bromi<lc 
ciystalliscs out first, and tills x»ocosh has to be r(>poat<td over 
and over again until tests with tho clcctroscojic show ihat Ihc 
separation is complete. It is on account of the iliiliculty of this 
process that radium salts arc worth many times more tliau their 
wei^t in ^Id. 

In addition to exorcising photographic action and reu<h*riug 
tho air conductive, tho rays from radium cause phosphoreseenee 
in a largo number of substances ; they discolour jtajMtr and ghiss, 
and cause many chemical changes to take jdaoe which ordinarily 
require special conditions. When allowed to fall on the skin 
for some time they cause pamful sores which are difiumlt to 
heal. On this account radium salts are being used in an attempt 
to cure cancer and other growths which can usually bn tnmovoil 
only by the surgeon’s knife. Tho omission of the rays is in- 
dependent of the tomiieraturo or of any inlluonce which man 

* Thi« proportion w the eauio a« one eocoinl iu one nuuitU. 
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can. bring to bear. It has started when ho first finds it and 
continues in spite of him. It presents new phenomena to his 
mind, new problems to his reason, and gives a striking stimulus 
to his inaagination. 

The total quantity of radium which has so far boon obtained is 
probably not more than half an ounce. Yet so powerful is its 
radiation that the electroscope is able to detect a quantity 
smaller than the most accurate balance can measure, or the 
spectroscope, hitherto the most delicate instninujut, detect. 
Many hospitals possess some of it, and a whole host of workers 
are engaged in investigating the properties of its rays. Into 
these lot us enquire more closely. 

It has been found that the radiation is of throe kinds, which 
are known as a (alpha), (beta), and y (gamma) rays. The 
a-rays are deflected slightly by powerful magnetic forces, 
and have but slight penetrative power. A few layers of paper, 
or an inch or two of air, will cut them off entirely. The experi- 
mental evidence ])oints to the viiiw that tls'y are <'l('Ctrons 
charged with positives ele.ct.rieit.y, and shot off from the vadium 
with a velocity of nearly 20,000 miles u second. 

The )8-rays are strongly d<sflected in the opposite, dircc-tion 
to the a-rays by much weaker iintgneti<$ forces. They carry a 
charge of negative cslectricity and have a vchxiity of about 
60,000 miles a second. In peiastrative power and in practically 
every othisr respect they arc simihir t<t the cathodts rays in a 
(.irookos’ tube, and they are therefore believed to consist <if 
electrons with a negative charge. 

Thts y-rays are not defleoti'd by a magnet, and penetrate 
many bodies which are opaque to ordinary light. They affect, a 
photogruphi(! plat(s, <;xcite fluorescence, and behave exactly 
in the same way as Rontgim raj's ; ami like them, their precise 
nature is still to some (ixtent a matter of speculathm. 

The touijserature of radiuus compounds is always about l-R*' 0, 
higher than that of their 8urrt>un<Uiigs. They decompos«( water, 
yielding oxygen asul hydrtsgisn ; this fact couphsl witls other 
properties indicates the liberation of an enormous amount 
of energy from an apparently inexhaustible st.or(t. Exact 
measurement shows that ra<liuin is continually producing 
suflicicnt hent to raise its own weight of water from the fre<>zing- 
point to the boiling-point every hour. 
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THE OAtrSE OF RADIOAOTIVITy 

If a radiiun salt is dissolved in water and tlion evaporated to 
dryness, or if the dry salt is merely heated for a few hours, the 
activity is decreased. The emission of and y-rays is stopped 
altogether for a time, and the quantity of a-rays is rediuuKl to 
one-fourth. Yet apart from its radioactive jffoperties tlm railiuiu 
compound is in no way changed. It has tlie saitie apjniaranee, 
and, so far as the balance is a test, the same weight ns it had 
before. In course of time it recovers its activily, and this in- 
variably occurs no matter how many times the operation may 
be repeated. 

But some material substance escapes duritig the process. A 
gas — spoken of as the radum e>mmtion — can be collected, and 
this on examination is found to possess exactly the same amount 
of activity that the radium has lost. The (pwntitiy obtained is 
excessively minute — so small as to bo outside the rang<' of the 
most accurate balance, and barely measurable in the most 
accurate apparatus for determining volume. From a gramtm^ of 
pure radium the emanation would amount to only Odl of a <uibic 
millimetre — ^which is about the size of a pin’s luuul. Yet., sa.ys 
Mr. Soddy in his fascinating book on Mailer and linefriju, “ the 
rays from far less than a thousandth part of this ((uantity will 
cause zinc sulphide to fluoresce so brilliantly as i.o he plainly 
visible in an absolutely dark hall to a thousand people.” Moni- 
over, ho adds, if onc-thousandth of this quantity “ wt'nf mixed 
uniformly with the air of a very largo hall, say of 100,000 cubic 
feet — or 3 tons by weight — of air, no delicate iimtruimint HU<*h as 
is customarily employed in the moasnroment of nulioaclivity 
could be worked in the hall, and the amount in a single cubfc 
inch of the air could still bo detected by a sensitive gold-leaf 
electroscope.” 

The heat evolved from the emanation is in proportion io ifs 
activity ; the amount obtainable from 1 gi'animo (wolves heat 
three-fourths as fast as 1 gramme of the element itself, while 
the latter evolves heat at only one-fourth of the rate Ixdoni tin* 
separation. This moans that 0-0 of a cubic millimot ni produw's 
heat at such a rate that it will raise 1 gtamnuj of watcu front t int 
freezing to the boiling-point in an hour. If a cubic inch of the 
gas could be obtained it would b(4 ccpiivalent in healing jsiwer 
to a powerful arc lamp 1 Has ever a more astounding stutemeut 
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than, this been made in the whole history of science 1 A cubic 
inch of gas producing spontaneously so much energy that it 
would fuse any vessel in which it happened, for a time, to bo 
confined ! 

But the marvels of these now substanoes are not yet exhausted. 
The radioactivity of the emanation decays at the same rale 
as that at which the radioactivity of the original radium is 
recovered. After four days only half of the original activity 
remains, and within a month the emanation has disappeared 
from the tube and has boon replaced by helium. This is a gas 
which for many years had been known to exist only in the sun, 
where it was recognised by a line in the spectrum corresponding 
with that of no terrestrial element. When Sir William Ramsay 
and Lord Rayleigh discovered argon in the air, the former 
began an exhaustive search for this or other gases in the minerals 
of the earth’s crust, and among the gases evolved on heating 
certain rate minerals ho found helium. 

The activity of the emanation as measured by the idc'cl roscopo 
effect is duo largely to the u-rays, which arc supiKwed to bo 
electrons with a positive charge, and many times larger than tlm 
negatively charged electrons which constitute the fj-rnys. The 
fact that the rate of recovery of radium is the same as the rate 
of decay of the emanation, suggests that the latter is formed by 
disintegration of the former. Wlien the radium breaks down 
into emanation, a particles are produced, and in the iniitr-alomic 
commotion Uiat ensues the negative electrons arc flung off, and 
the tremor which spreads oiitwards through space produces the 
effect of the y-rays. The relatively greater activity of the 
emanation is explained by the statement that one-fourth of 
the a-rays are produced by the change of radium into the 
emanation, and throo-fourtlis by tbe chaitge of the emanation 
into helium, while the whole of the ^ and y-ruys are fornuMl in 
the sccoixd process. Both those changes are occurring in the 
original radium, aixd it is only when the accumulated emaitation 
has been expelled that the separate influenexfs <‘4m he distin- 
guished. 

Helium does not appear to be the sole product the emana- 
tion. A minute trace of a radioactive solid is left behind, and 
a whole series of substances appears to bo formed succiissively 
with an evolution of helium at each stage. Hume of these exist 
for but a brief period, the successive changes occurring so 
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rapidly that they can mth difficulty ho followed. But thoro 
is reason to believe that a final stage is reached at which the 
product is stable, and radioactivity ceases. 

The most interesting rays are those composed of u particles. 
Their mass is more than a thousand times greater than the mass 
of the particles, and their loss must be most important in the 
destruction of the radium atom. By a marvellouHly ingenious 
process, Rutherford has succeeded in counting the number of 
particles emitted in a given time, and ho can detect the loss 
of a single member of the stream. By measuring the rate at 
which they are radiated he has been able to calculate the length 
of time which would be required for radium to becotm^ (‘xtiiiet, 
and has been able to estimate it at about 25,000 years. From 
careful estimates which have been made it would appear that 
the whole of the radium in the earth must have disappeared 
long ago unless there was some regular soxirco ot supjily. And 
that could only bo the case if some substances wit h a much 
slower rate of change was producing radium as a result of its 
decomposition. 

Now it has been shown that helium is a decomposition product 
of radium, and before radioactivity had betui diseoV(‘red Hir 
William Ramsay had found helium always prirscnt in minerals 
from which radioactive substances were 8ubso((utiutly obt aim'd. 
It seems probable, therefore, that radium itself is an inter* 
mediate product, formed by the disintegration at a slower rat.(« 
of some other constituent of the minerals in which it is found. 
Moreover, as uranium and thorium — elements with the heaviest 
atoms known to chomists — ^aro invariably jtresent in these 
minerals, and possess a feeble radioactivity wliicli suggests a 
slow rate of change, it seems feasible to imagine that there is a 
continuous process by whicli these elements are breaking down 
into others with lighter atoms of more or htss stability. And this 
would go on until a stable substance was formed j>oss(«Hshig no 
radioactive properties whatever. 

It is important to note in this connection that the rat io of 
radium to uranium in minerals is very nearly (umstant— alsmt 
1 to 3,000,000— and this is what would bo expected if uranium 
were the parent of radium. Moreover, if the average life of 
radium is 25,000 years, the average life of uranium would 
be 3,000,000 times as long or 7,500,000,000 years. The rate 
of change is so slow that though cxporimetitR have bceu 
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going on for ton yoiirs tlie cliange from iiranhini to radium liao 
not yet boon detected in the laboratory. If a uranium salt — the 
nitrate in this case — ^is shaken up with water and ether, the 
lower aqueous layer contains uranimti and gives a and /S-rays. 
and the upper ethereal layer gives a-rays only. The substance 
which uranium thus appears to be producing is known as uranium 
X. The uranium X loses its radioactivity at the same rate that 
uranhim proper regains it — a result precisely similar (.o that of 
radium and its emanation, but the period is in this case from six 
to twelve montlis. The process can bo repeated over and over 
again. 

Expoi’iments of this kind lead to the conclusion that uranium 
breaks down into uranium X and helium, (.hat luuuium X 
breaks down into a radioactive solid called ionhnti, and further 
that ionium is continuously and sjMmlancously jjassing hiio 
radium. There is, finally, reason to l)eliove f lint radium passes, 
through its emanation, into a body called polonium, and that 
polonium passes into load. 

KMOTItlOiTY AND MATTIUt 

Wo are now in a position to consider some of the views which 
are now exercising suuh a profound influeuee on scientific thought. 
For centuries man has been accusUnned to regard niaUt'r us 
being nuulu up of distinct particles, and since the time of 
Tjiivoisier the chemist had be<!omo more and more convinced that 
tile relalave quantities which pass into or out of chemical com- 
bination represenfed truly the smallest particles of whose 
existence it was possible for the mind to e.oncoive. And so far as 
the balance was able to testify, the chemist was justilied in his 
attitude. 

An instrument of far greater accuracy was the spectroscope, 
for it enabled elements to be detected when they were distributed 
throughout such an enormously greater quantity of otlier 
materials, that unless their presence hud been suspected the 
ordinary methods of chenucal analysis would have passed them 
by. 

Radioactivity la a property of matter which until the last 
lifieen years or so was unknown— a property, moreover, which 
is susei'ptible of the most ilelicate nieasureineut. The step 
from the balance tothe s])ccitrosc<>pe— great as it was— -Is smaller 
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than the step from the spectroscope to the gold-hwif electro- 
meter. And by its aid it has been found that u few relatively 
unimportant elements are undergoing a process of disintegration 
into bodies of lower atomic weight. 

Now though these processes are confined to a few subsipanees, 
Sir J. J. Thomson and his pupils have by experiment on the dis- 
charge of electricity through all gases produced cortam effects 
which are precisely similar to those whicli occur spontaneously 
during radioactivity. The jS and y rays have precisely the same 
properties as the cathode stream and the llontgeu rays. So 
there is strong reason to believe that any view of 1.he const.itution 
of the radioactive substances is true of those which are uot 
radioactive. At the same time the enormous amount of eiu'rgy 
liberated during radioactive disintegration gives an idea of the 
magnitude of ihc forces which must exist in the interior of an 
atom. 

But the most striking feature is the fact that when IpIic ultimate 
particles of matter are revealing their properties, it is not (heir 
masses which we are able to measure, hut their oIectric<al charges. 
For without such charges they would apparently iiossess only 
attributes which defy measurement — at any raU»., on so small a 
scale as is performed by the electroscope. The. stutly of radio- 
activity, therefore, combined with that of oloctruail ilisohargea in 
high vacua, leads to an olootrioal theory of matter in wiiich the 
properties of each individual substance ant cicicrmincd merely 
by the number and arrangement of ultimate paiiides which 
are common to all the stuff of which the world is compos(*(l. 

Lot us now go into the question a little metre closely and 
endeavour to picture the complicated unseen pnMM'Hses which t he 
eye of scientific experiment and reasotiing has enabled the 
pioneers in the now field of knowledge to paint in such dolail. 
It is an elementary fact tliat the chemist, relying oit his Iwilaju’e, 
had found that when two or more elements eomliine with or 
replace one another, they do so in definite pmportions. Thus 
1 gramme of hydrogen combines with or rephw-es « grammes of 
oxygon, 31-S grammes of copper, 28 grammes ttf zinc, grammes 
of potassium, 16 grammes of sulphur, and so on. I'his indicates 
that they consist not of a continuous material, but of a material 
consisting of tiny grains, all of the same weight, wluidi a(!t imli- 
vidually in chemical change. And this granular prop<!rty of 
matter is forced on us by a host of common experiences. For if 
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a minute quantity of a powerfully scented substance is liberated 
in a room there is soon no corner in which it cannot be det*!Cted 
by the sense of smell. The quantity necessary for iJiis purj)ose 
may bo weighable, because a balance has now be(m constructed 
which will weigh 10,000 ® milligranune or .^.hoo.ooo 

ounce ; but oven so, the amount in a cubic foot of spae-e would 
be far too small to affect an instrument even of this delicacy. 

Again, if all the air is pumped out of a vessel us fur as that cun 
bo done with the most powerful and effective ])ump, and a 
quantity of gas occupying the smallest measurable volume at 
ordinary temperature and pressure is atlmitted, it will <(Xj>an<l 
throughout tlie whole sjiacc^, so that it can lie detected by the 
spectroscope. It is scarcely conceivable that the small <tuantity 
has a jelly-like structure, and lias filled tiie viissel contmuously. 
Rather is it easier to imagine that the gas is (tonqiosed of small 
grains or atoms, which spread out utifll f>h(«re is an equal nunilH^r 
of them in every cubic inch. Bueh atoms would be tlu' particles 
which are concerned in <*homical chang(i. 

In order to distinguish Ixdween Huhstune(>s that can and 
substances that cannot be split up, the cluunist calls tint former 
compounds and the latter elements. At various tinu's in the 
history of chemistry substances formerly thought to bes elements 
have been found to consist of two suhstanees, and in this way 
now elements have been added to tlm list mitil the number 
stands at eighty or t, hereabouts. Huti in every ease f.he decom- 
position has been effected by ordinary chemical (tr physical 
methods. True, sojne compounds are unstable xuith'r ordinary 
conditions and decompose spontamunisly, hut an element 
always has the same })ropertuw when pure, and neitht'r tleeom- 
posos spontaneously, nor can it he decomposed by any means 
available. 

Having stated that the atom of att (dement was the stnalh'st 
indiviHiblo particle of matt<ir the clnunisti went no furthor. hi 
his exp(*.rim(‘.nt;s it, behaved as a wlwde ; so fivr as he. could judg(( 
it was solid throughout, and lut Inid no reason to helicv(> that it< 
consisted of smaller particles bound t,ogeth(‘r by for(H‘H so gnmt 
that his methods were of no avail to nnuhw them aaund(*r. 
Moreover, the spectroscope showed that thes(( same elements 
existed in the sun and stars, in which the. range of temperat.ure 
was far wider than on th(( (‘arth, and in that r(>si»'(;t th(( spectro- 
scope support'd the evidence, of th(( balance. 



388 BISCOVEEIBS AND INVENTIONS 

But the spectroscope is more delicate than tlie l)alan<ui. It 
distinguishes eloments, not by the relative weiglitiS of their atoms 
but by the waves set up in the all-pervading ether of space by 
atomic vibrations, and it is diflicult to account for sumo ul the 
observations made in the spectroscope if the atom is regarded 
as a single solid particle. These facts suggest a comi)lex struc- 
ture, and a complex structure is necessary to explain the 
facts of radioactivity and the conduction of electricity through 
gases. 

So far as ihe great majority of the eltmie.nls are (‘.oucerued tlie 
position of the chemist is untouched ; for the extremely faint 
radioactivity which has been detected in many substances is 
capable of a simple explanation, and only two of the original 
list have been shown to suffer disintegration. Let us consider 
the case of uranium more carefully. This body has the highest 
atomic weight of all known elements, vis. U:J8. 'I'hc. ulom is 
supposed to consist of two kinds of partichrs— ojie never smalhir 
than a single atom of hydrogen as the chemist knows it, and 
the others about of this size. BoiJi iin^ in rapid 

motion, the smaller ones revolving round tin*, lutavirir nueleus. 
The larger ones are charged with positive, and tlu' smaller ones 
with negative electricity, though exaeUy what tialiire of a 
charge is no one knows. The attraction between tin*, poshlve 
and negative electricities tends to draw tin*, smaller om^s l.u liie 
centre, and their velocity causes ilnmi <0 fly outwards. And as 
the atoms of all bodies are in violent mol.ioii, causing fnepicnt 
collisions, some of the atomic oonstitiumls may be knocked oil. 
Eadioaotive substances are those in vvliich this process (*an he 
observed. 

The first step in the disintctgratiou <if uranium is the liberation 
of some of the larger particles, whic.h hav(i been lt‘t.tcn‘d u. An 
a particle is an atom of helium wit li a posit ivt^ clt>c.l ri<’al charge. 
When an atom of uranium has lost three atoms of lieliiim the 
atomic weight of which is four- -radium wit li an at oinic weight of 
225'5 1 is produced. These a particles are. not all cxpelltsl at oikh*. 
but in stages, but the iutonnediate produ<‘ts last for only a slmrt. 
time. The next stage is the production of the emanation from 
radium. This lias an atomic weight of 222-5 or very nearly 222, 
and as the substance can only be obtaine<l in minute ((Uiintity, 

’ BcU-rtniaed by (‘ximrinifnit Tlmory of nourHn nxiuin-H tlial it .thcmld 
bij 22G. 
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slight errors in the numerical result arc to bo expected. The 
formation of the emanation is accompanied by the expulsion of 
n particles (helium atoms) and thi^ emnitil.ion itself rapidly breaks 
down into helium and a radioactive solid which undergoes 
further decomposition in stages, with the production of helium, 
so far as can at present be ascertained, at each stage. 

Having accounted for the o-rays and explained them as 
streams of electrically charged heliiun ai.omH, it bccoines ])OHHiI)lo 
to deal with the ^ and'y-rays. The former have already been 
stated to bo negatively charged particles, 1700 times lighter 
than a hydrogen atom, and revolvitig at enormous speed in 
largo numbers about a nucleus in each atom of every substantie. 
When a relatively heavy body like a helium atom, iiravelling at 
from 10,000 to 20,000 miles a second, meets other atoms in its 
track, they will bo violently shaken, and a few of iheir ^ partiehis 
will be thrown off. And the shock will cause a tremor in the 
ether similar to that whwdi occurs when the /9 particles in the 
cathode stream of an X-ray tulx* strike the anode. The pulses 
produced in ikat <’.aHe are calhxl X-rays ; tliose produced by 
collisions in radioactivity are called y-rays. Such pulsos occur 
at itrcgiilar inlHuvals, tlusy pr<Kluc(( shorl. t.rains of waves which 
gradually die away, and so differ from the continuous waves of 
light, heat, and olcctcioity. 

The ^ [>arl.iclcs are carriers of negative electricity, and the 
number of them which arc pnwidi is measured by the con- 
ductivity. This, however, is not the only effect they produta. 
Many years ago Mr. John Aitkcn found tJiat if air or any other 
gas was saturat>(‘.d wii>h water vapour, then cooling th<i gas did 
not cause separation of this moistnre and t lio format ion of cloud 
unless fine parlJclcs of dust wc'jc present. It. was subHC({ucntly 
shown that as the diameter of a tlrop of watcT at any given 
temporatun^ (lee.reas<'d, the, tendency to <(vaporate increased. 
The rate of cvaporatiion is prop<*rt.ional to t he urea of surface. 
Now the volume of a Hf)h('re of nwlius r is given by the formula 

V- 

and the areas of surface by the formula 

A ■i'lTrr*. 

The volume of a sphere decreases, therefiire, as the cube, atwl the 
surface as the Sfpiare, of th(i radius. * If t he radius decrcJiseH from 
throe to two the volume will decrease from twenty-seven to 
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eight, while the area will decrease from nine to four, so 
that the ratio of the area to the volume will mcrease from uiiio- 
twenty-BOvenths to four-eighths or one-third to one-half. 
A small globule of water gradually decreasing in size will, 
when its radius reaches a certain size, flash off into vapoiir. 
Conversely, the formation of drops from vapour is diffloult tuilcss 
there is some solid object of more than this limiting curvature 
upon which the drop can commence to grow. 

Mr. John Aitken showed that the fogs of towns were due to the 
smoke, the small particles of which formed the nuclei around 
which the water could form. The water-drops in mist or fog 
fall slowly to the ground. Their own weight pulls them down 
and the Motion of the air on their surfaces offers resislance i<o 
their motion. The relation between surface and volunio wJiich 
was discussed in the last paragraph shows that the more minute 
the particles the greater will bo the retarding influence of friction, 
and the more slowly will they subside. Sir George Stokes 
showed how to calculate the rate of subsidence from Ihe sisMt of 
the drops and the viscosity of the air, so that if the rate could 
be measured the size of the drops could be determined. 

Now it has been shown that P-raya and (ait-hodo rays are 
streanos of negative electricity, or flying particles of almost 
immeasurably small size carrying negative charges. JC tho 
electrical charge is being considered it is called an electron, hut 
if tho particle which carries tho charge, positive or negat ive, and 
acts as a conveyer of oloctrioity is under discussion it is called an 
ion. Now an ion is capable of forming a nucleus ujion which the 
moisture can condense. If air charged with water vapour, and 
quite free from any dust or radioactive or electrical iniluencts is 
caused to expand suddenly no mist is formed. But if it 1 hi 
exposed to a radioactive substance, then a cloud immediately 
forms on expansion, and by meastmng tho rate at which th<« up))er 
surface falls, and knowing tho amount of water precipitated from 
the extent of the expansion, tho size and number of drops can 
be calculated. 

This very beautiful experiment was devised by Mr. G. T. R. 
Wilson of Cambridge, about 1909, and gives a nicasure (tf the 
number of ions, positive and negative, which are proclu«td in a 
gas by any influence, which causes them to form. Moreover, 
he has been able to separate tho a and $ particles by this 
method. If the air is expanded in the ratio 1 to 1*2D the a pat- 
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tioloB alone effect precipitation ; but wlion the oxpanflion is 
increased to 1 to 1*31 both sets of ions act as nuclei. 

More recently (in 1912) Mr. "WTilspn has succeeded in rendering 
visible the track of a single a particle by a similar method. An 
the particle pursues its way through the gas, it leaves a path of 
ions — either from itself or other atoms — ^and on expansion this 
path is marked out by a streak of cloud which can bo rccord(>cl 
on a photographic plate. In this way it has been found that 
a single a i)article jaodnccs from 2000 to 6000 ions pet milli- 
metre, and the smaller j3 particle from twenty to thirty. Th<i 
reason for the greater eilect of the a particles in rendering the 
air through which tluy pass conductive is thereby explained. 

In considering these resiilts it is necessary to distinguish 
botwoon the properties of the particles a and j8 shot off from a 
radioactive substance with velocities of 20,000 atid 60,000 miles 
per second, and of those paiticles when their progress has been 
stopped by collision with the molecules of a gas under ordinary 
conditions of temperature and pressure. Their pat.h is then zig- 
zag, and though the.ir velocity at any given iTmtant is far greater 
than we are able to attain by mechanical cotitrivanais, the 
moving charg<>B vary so rapidly in direction that the electri<’.al 
and mcclmnical effects observed under low pressures arc not 
now possible. 

If a current of electricity is iwisscd through the gas the hms 
convey the electricity— positive in ono direction and negative 
in the other. But the freedom of motion of the ions loads to a 
great many re-combinations, and there is a limit to the quantity 
of eloctrie-ity which can be convoyed. As the electromotive 
force is increased the resistance rises, and a limit is reached 
beyond which no increased current will pass, unless the oleciro- 
motivo force rise to such an extent that a spark discharge takes 
place. This in itfle,lf produces ions, and explains the well-known 
fact that onco an arc has formed, tho poles may be drawir out to 
a distance across which the electricity would not previously 
flow. 

In liquids and metals, again, the passage of the <!urrent cun bo 
increased indefinitely, because tho positive and negative ions 
have fewer opportunities of re-combination, Tho only limit 
is set by tho heating effect. Tho result of concentrating tho 
cathode stream upon a picisc of platinum has been described on 
page 376, and a similar bombardment taking place in a metal 
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wire gives rise to those molecular vibrations whioli rov('al t lioin- 
selves in an increase of temperature. In liquid conductors some 
chemical action usually taJkes place, tlio ultimal/O viohuioc of 
which sets a limit to the amount of current that <ian bo convoyed. 

While radioactive substances have the most powerful edteet 
in producing ions, they are also produced by Rfintgon rays, by 
the minute waves of ultra-violet light, and probably also during 
chemical action. The upper layers of the al.mosphoro are 
relatively dry and invariably positively eleotriiied. Jt has boon 
suggested that the ultra-violet rays in stuilight whicdi are largely 
absorbed on their way to the earth’s surface separate the posilive 
and negative ions, and that the latter arc removed by acting as 
nuclei for the formation of water-drops which appear as clouds 
and ultimately reach the earth as rain. Moreover, this con- 
ducting layer of air in the upper regions of Iho atmosphere has 
enabled Dr. W. H. Bccles to develop an explanai.ion of the 
curvature of electric waves round the siufaco of l.he t«vrth- ■ a 
result which could not have been foretold before Marconi a<diually 
transmitted wireless messages across the Atlantic (see pp. 314-r)). 

Wonder at the experimental results is increased raihi'r than 
diminished by a consideration of the magnitude of t he (juanl itlcs 
involved. The atom is about ro,T6orooo “'iH'nx'tre diatiu'ter, 
and a millimetre wc may remind the reader is or rtiughly 
^ of an inch. The weight of an atom of hydrt)g(m is 

iioooioflO'Oo o.o'o'oroTorp o o.o o o>o fV grii'inme, and a gramnu^ is 

of an ounce, it is impossible to realise what these liguros 
mean. They are far beyond the roach of microscopic vision. 
But what is lacking in size and weight is ma<lo up in spetnl, 
for those infinitesimal particles travel with velocities that, range, 
from 10,000 to 60,000 miles per second, and at. that speed t.heir 
energy is enormous. Sir Oliver Lodge, in his book on liUTlnm, 
says that a body weighing 1 milligramme (,*.Voo travel- 
ling with the speed of light would possess energy amounting to 
16,000,000 foot-tons, and Sir William Orookes has retiiarl«*d 
/that a gramme moving with the same speed would have* (mergy 
^OTough to lift the whole British Navy to the top of Ikm Nevis, ■ 
"So we may consider ourselves fortunate that theise bodies are so 
very small that they can bo handled in glass vessids, and used in 
the neighbourhood of a strip of gold-loaf, which repreH<‘nt« about 
the greater thinness to which human hands <tan nspir<>. 

And after all, these magnitudes arc not more remote from 
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the ordinary dimensions of familiar objccte tlian arc tho mag- 
nitudes in astronomy. Tho shadowy olcotrou with ilfl electrical 
charge is hardly smaller than the sim or the dimensions of the 
solar system arc larger. But it is perhaps tho mote wonderful 
that the same human mind can grasp the one as easily as the 
other, and can acquire sixillcicnt faith in arithmetic to continue 
investigations while tho layman is compelled to pause and gasp 
in astonishment. 

But enough for tho present. The hook nmst como i,o an end 
sometime, and it is now or never. Wo have seen how in the 
past twenty years or so man has made gigaui.ic sfrides in tho 
\itiliaation of the luilural resources amid which he lived for so 
long in semi-blindness and dim mniprehension. We have nolod 
some of the new materials ho has discovered, the machines he 
has invented, the great ships he has built. We have glanced at 
some of tho inslruments he has used in subduing to his imperial 
will tho intractable olcmenta of earth, air, lire, and w’ater. And, 
finally, wo have been j)ermitt<«l t<» p<M’r Ismeath Iho surface, to 
catch a glimpse of the delicate ami intricale nu'chanism of tlm 
Universe, and to realise in the clash of atrim and electron some- 
thing of th(', stupendous energy which, unt.il t.lie twent iet h e.enl.ury, 
had been outside the range of human <’.om prehension. 
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Rtintgt‘n Rayn, 378 
Ktdary Spark (lap, 300 

S 

Schm*nlu‘iT Kurnnci', 105 
Semi'Diewd Mngine, 00 
Shalh>w-draught VchhcIh, 270 
ShipH, 257 

- Dt\‘Ugn of. 204 

' - Ice-bnMiking, 278 
• ' Inner Skin td, 200 

- Irtherwood Syntem (»f Building, 201 
'* • (mxury on Modern, 272 

< Mtmitor Syntem of Building, 201 
•• • Oil-carrying, 270 

^ ^ of War, 322 
Propulaion of, 280 
Snf<d.y of, 207 

- Siw' of, 257 
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Ships, Spood of, 2(J:} 

SiomoiiH* Elootiicj Fiimaco, 152 

Strength of, 2(i0 

Singlc-sleovo Engiiw^, (JO 
Skefko Ball BoaringH, 120 
Slip JiiugH, 82 
Soda Boiler, 821) 

Soil, Oonii)oaitiou of, 202 

— Bacteria of, 208 
Solenoid, 75 
Spark, Lodge, 03 
Sparking-plug, 03 
Staroli, 207 

Stool, Nature of, 138 

— Forging, MO 

— Mangamwo, 145 

— Manufaotur<» (jf, 131) 

— Special Qiialiti(»H of, 144 

— Stnicturo of, M-2 

— Vanadium, MO 
Stoker, Meohaiiieal, 37-31) 
Submarine Signalling, 270 
SubinarinoH, 328 
Suporhoating, 37 
Sweden, Water Bower in, 0 


T 

Tank, National, 200 
I'hormitie, 132 
I'liroe-wiiHJ SyHtem, 81) 
TooiSMnd, liigh-Hpe('(l, 128, 145 
Torpcnlo, 342 
'Praia Ferri<»H, 277 
Tramtwir, 230 

— (Controller, 230 

— TraekloHH, 231) 

'Pramways, 230 
TransformorH, Bl) 


TranHtormorH, (Conduit SyMtein of, 
237 

• -Stud SyHt(un on, 238 
'Purbine, VVat(M\ 4 

— <lo Laval, 47 

— - ParMoMH, 40 

IJ 

Uniliow Mngiu(\ 43 
Uranium, 380, 388 

V 

Vibration in KngimvJ. 45 
Vollag<^ on 'PramwayM, 230 
Itailwayn, 212, 244 

— in United S(ate.( end <*anitdn, OO 
Voltmeter, 77 

W 

Water^giiM, 17 
Water-pIaneM, 201 
Watertiglit DtHim, 200 
Wave Motion, 301 
Welding by 'PhcTmite, 1.32 

• Oxyaeetylene Klanu*, 133 
Wheat, (!onditit>nrt of (Irowth, 207 

• — Iinpr(»vement of Bri*ed of, 200 

• ’• Strength of, 20S 

WirtdeHH 'IVIc'/iiMphy, iMareoni, 200 

• ' (lotdiK'hmidt, 3(!5 

' ‘ (jrowth and AppUeallom of, 313 
•* Boulnen, 300 
•* ' Telefurdten, 305 
Wolneley Motor, 05 

• - Veo-type Molor, 05 

Y 

Yarrow Ib»ilep, 40 
Y<*aMt„ 207 








